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SUMXAST  AND  OOliCLDSIOilS 

I 

Thcr*  ar«  at  laaat  two  priaarj  ttakxMwns  whioh  ntad  to  ba  rtsolwod  baforo  tha 
quaatloa  of  faaalbility  cia  ba  dacidadt 

a.  Vbatav"  tha  aaaro’  aad  ^a  rsdiel  distribution  of  oautroa  laakaga 
froa  tha  aubaarlaa'o  built  (C) 

b.  What  ara  tha  dyaaaie  clu>ractari8tica  of  tha  subaarlna's  wakat 

Tha  roluM  dietrlbutad  apactra  for  8odiuB-24,  chlorlaa«38t  and  potassluaK^, 
were  axasdnad  undar  laboratory  condititna*  Spectral  data  are  presented  for 
tha  foUowinis  aclntlllator  aateriala  and  diaenaionst  (D) 

Sodiua  Iodide  (thallitua  activated)  2  x  1^,  3x3*  and  5x4  inehea 
Plastic  Phoaphar  Pilot  B  3x3  and  3x4  inches 

The  data  Indicates  that  energy  discriadnaticn  techniques  ara  likely  to  iaprova 
the  chances  for  success  in  counting  expariaants*  Tha  degree  of  InproTMieat 
depends  upon  the  concentration  of  the  induced  radionuclidaa  to  the  major  back> 
groxuid  oontributor,  tha  natural  potasaiua-40  eontant  of  tha  ocean.  An  attest 
was  made  to  predict  tha  affect  of  large  sisa  datactors  on  signal  but  additional 
expariiiental  work  is  required  to  formulate  tha  enginaaring  raqulremanta.  (g) 

Section  3  ia  davotad  to  the  various  aaana  of  chemically  concentratiQg  tha  sig¬ 
nal  source  or  depressing  the  background.  Six  ehenleal  concentration  techniques 
ara  dascribadt  vaporization*  ion-axchange*  precipitation*  freezeout  tech¬ 
niques*  liquid-liquid  extraction*  and  mai^ana  procassas.  Of  these*  vapori¬ 
sation  and  icn-axchanga  techniques  show  some  potential.  (0) 
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Vaporiiation  techniqora  rwovr*  all  or  part  ox  tha  water  iroa  aea  water  awiplea* 
Tm  scheaee  were  coosidered  in  detail: 

a*  Be<*uctlo&  of  a  eca  water  naaple  to  a  saturated  solution  (liqxxid 
plaaee  detection).  (U) 

b.  Reduction  of  see  water  saaple  to  a  dry  solid  (solid  phase  detec* 
tion).  (\j) 

The  cosnuted  concentration  ratios  attainable  for  "a"  above,  are  7.4  on  a 
wei^t  basis  and  9«73  on  a  voluae  basis,  and  for  '*b'*  above,  28.3  on  a  weight 
basis  and  59«1  on  a  voluae  basis.  (U) 

lon*exchaage  techniques  can  be  used  to  reinforce  nuclear  detection  by  either 
of  the  following  aethodst  (C) 

a.  Seduction  of  sea  water  saaple  voluae  by  taking  the  desired  ion 
froa  sea  water  and  retaining  the  ion  ir  a  aore  concentrated 
state  or  releasing'  the  ion  in  a  aore  concentrated  solution.  (U) 

b.  Reduction  of  the  naturail  background  radioactivity  by  reaoring 
all  or  part  of  the  radioactive  background.  (D) 

The  coaputed  concentre; ion  ratios  (on  a  voluae  basis)  attainable  by  detailed 
ioa*exchange  aethods  are: 

a.  Concentrate  on  the  resin  and  detect  on  resin  c  2.  (U) 

b.  Concentrate  on  resin  and  detect  in  regenerating  solution  s  3.  (U) 

c.  Concentrate  activity  in  the  regenerating  solution,  evaporate  to 

drmeas  ax:d  detect  =  66.  (U) 

The  essence  of  these  aethods  is  to  reduce  the  voluae  **  hence  increasing  be 
specific  activity  with  the  concoaitant  increase  in  coiuting  rate  for  a  given 
voluae  and  a  reduction  la  background  counting  rate  resulting  in  considerable 
decrease  in  counting  tiae  z^uired  for  a  given  statistic.  (tJ) 
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-***  twiTv  kw  w«  uvkwi-muxva  once  i:ne  operaiioMJ.  ODJeetlTCS 
arc  cslisd  co' •  It  is  ast  Busgeeted  iiwi  coeaical  analysis  be  carried  out  on 
an  ocean  seerch  problea  but  rather  as  a  aeans  yf  streoj^thening  the  search 
systeas  potency.  (c) 
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The  wid*  u««  and  acceptanc*  of  tha  solatillatioa  Mthod  for  exaainisg  coaplax  ] 
gamm  raj  spactra  anggastad  that  thla  tachniqua  ba  eaployed  in  the  sttbaarlaa  | 
detactlon  problaa.  Tha  activation  of  saa  watar  bj  thariaal  neutrons  raaidta  Jja  Wq) 
the  production  of  at  least  two  radioisotopas*  8odi\aa>24  and  chloriaa>i8,  »^hicb  1 
hava  dacajr  acheaas  which  could  land  thaasalvas  as  a  signal  source.  Iha  tech* 


nological  pi'ograaa  that  haa  bean  nada  during  the  last  ten  years  in  growing 
large  single  crystals  of  the  alkali  halides  together  with  'he  plastic  and 
liquid  scintillator  iiatariala  baa  focused  attention  on  the  uaa  of  these  aatar* 
ials  for  threshold  detection  purposes.  Further*  the  daveLepn$nt  of  end-window 
Idiotoaniltipliar  tubes  with  low  noiss  ehsract  eristics  and  uaifoxs  photocathodss 
of  relatively  large  surface  area  together  with  ii^ioveamts  in  pulse  ai^^lifiars 
and  pulse  height  analysers  were  nseessary  eo^>lenent8  to  the  scintillation  da* 
teetion  satbods* 


Ssetion  2  dtscribas  tbs  theoretical  conciderationa  of  Iruiuced  radioactivity 
in  sea  water  and  czperiaental  reaults.-  Ciscusaion  on  datection  techniquaa 
is  United  to  the  nuclear  iotezwctiona  of  the  escaping  neutrons  fron  a  no* 
clear  subaarine  hull  with  the  surrounding  sea  water.  (C) 


No  consideration  is  given  at  this  tine  to  other  nuclear  interaction  nechaniaas 
such  as:  neutron  detection,  cosalc  ray  anoaaloua  effects,  Charenkov  radiation, 
aolecular  h-eaa  aethods,  aicrowave  absorption  spectroscopy,  nuclear  aagnetic 
resonance,  cptical  spectroscoiqr,  and  aass spec trroscopy.  (c) 
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s:;;:sriscstal  work  is  weing  c<irrl6u  out  by  toe  natral  Air  DeT«lopaex.t 
wSutsr  Sw  uCuuoVixiot  (  as^s  by  biic  nuosoii  LaDOz*atox*io8  Ui  N8V 

Turk.  ni«  woxic  reported  in  this  Section  suppleaentis  their  work  providing 
besic  data  on  voluae  distributed  sources  for  d^ifferent  sciatiUatiiig  aaterials 
wj.th  a  Ttiriety  of  diaenaione.  (U) 


Section  ;)  describes  the  concentration  and  detection  at  induciMl  radionctitltj 

t 

J 

i  in  8i>a  water.  It  Is  believed  that  radioactivj.ty  artificially'^  induced  in  sea 
water  aeiy  be  concentrated  by  ehenical  means  to  a  level  tdiich  will  permit  de> 
teetion  with  apparatus  now  avedlable.  ‘Ate  methods  examined  reduce  detection 
techniques  to  two  bases:  (H) 

a.  Concentration  of  the  activity  present  in  a  ses  water  sample  into  a 
relatively  smell  volume  to  improve  countiijg  geometry.. 

b.  Removal  of  the  radioactive  background  in  a  sea  water  sample  in 
order  to  improve  the  counting  statirblcs.  (U) 

Six  chemical  processing  techniques  will  be  discussed.  These  sire:  Vaporlza^ 
tion,  lon-Gxchat^e*  Precipitation ,  Freezing.,  Liquid-Liquid  Extraction,  and 
Membrane  Processes.  '  (U) 

This  report  wsis  submitted  in  complismce  with  contract  Nonr-2777(00),  Project 
NR  220-012  of  the  Office  of  Naval  Research  and  suiimsu*izeE  the  work  completed 
during  the  period  January  1.  1959  through  Jxme  3S0,  i960.  (U) 
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CONFIDENTIAL 


The  objectlre  oi'  thle  Section  is  to  consider  the  practicability 
of  detecting  radioactivity  induced  in  che  wako  of  a  nuclear 
powered  submarine  with  a  sea^going  gaBKna-sensitiTe  system.  The 
interaction  of  neutrons  escaping  through  the  submarine  hull  with 
the  surrounding  sea  water  is  to  be  investigatid.  (C) 

Detailed  objectives  are  to: 

1.  Calculate  the  activity  res»»lttng  from  flash  activation  of 
sea  water  various  levels  of  neutron  leakage  throv^gh  a 
subsarine  hull.  (C) 

2.  Provide  data  from  which  estimates  can  be  made  of  the 
genoa-ray  enerry  spectrum  of  the  activated  seawater  and 
its  change  with  time.  (D) 

3.  Provide  data  on  the  response  of  various  scintillation  detec¬ 
tors  to  volune  -  distributed  sources  of  potasEiuin-40  which 

is  the  prinolpai.  gaana  emitter  in  sea  water,  end  of  chlorlne- 
38  and  8odiua-24  which  would  be  produced  by  neutron  activa¬ 
tion  of  sea  water.  On  the  basis  of  this  information,  a 
final  selection  c>\n  be  made  of  detector  size  end  composition. 
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PAC~£  ^ 

ywe  ffwacTSTOy  or  ^  (Bat.  1) 

Tsbld  1  1*  *  ps*^!*!  list  of  alaMska  ur^sant  in  S9t.  watar* 

Tha  data  is  raportad  for  a  aiiloriaity  of  I9V00.  Iha  aqplrical 
ralationship  batwaan  saliaitj  and  ebloriaity  was  aatabllabad  by 
an  Ictamal  CoaBlsaloa  ast 

Salinity  *  O.03  *  1>809  x  eblorinlty 
Cblorlnity  ia  a  dafinad  quantity  which  closely  approxiaatas 
chloride  content  of  sea  water.  Both  chlorlnity  and  salinity  are 
always  expreased  ia  terns  of  grass  per  kilsgr«>  of  sea  watar{  i.e.« 
ia  parts  par  thoosand  or  par  sllla  (analogous  to  per  cent) *  and  the 
syitbol  is  Voo. 

Tha  relatira  proportiona  of  the  different  anjor  eonstitueats  are 
virtually  constant  la  the  open  ocean  and  are  iadopeadsat  of  the 
absolute  concentration.  Tha  axcaptions  occur  in  regions  of 
ahttoraal  salinity  (high  dilution  or  evaporation).  This  is  aa 
ispcrtant  conelderatloa  in  that  tha  relative  aaouats  of  8odiuB-24 
and  chlorine*38  initially  produced  should  reaaln  constant  as  these 


ere  the  principle  neutron  activation  products.  The  minor  vonsti- 
tuents  are  sore  subject  to  variations  caused  by  dilution «  evaporation* 
and  various  biological*  ohefd.oal*  and  geological  processes. 

Some  pertinent  definitions  aret 

Chlorlnity:  Originally  defined  as  the  total  amount  of  chlorine* 
bromine*  and  iodine  in  grams  contained  in  one  kilogram  of  aea  water* 
assuming  that  the  bxoxiae  and  iodine  had  bMn  replacad  by  chlorine. 
More  recently  the  chlorlnity  has  been  defined  as  identical  with  the 
number  of  grams  of  "atomic  weight"  silver  needed  to  precipitate  the 
halogens  in  0.32285>233  kUograms  of  the  aea  watar  sample.  This 
latter  definition  is  independent  of  revisions  in  the  accepted 
valu<}S  of  the  atonic  wei^ts. 
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TABLE  1.  Partial  rsbla  of  Elaaonta  Praatat  ia  Saa  Vatar  (Raf.  2) 


(Chlorinltj 

naaant 

Chlorine 

SodiuB 

Hagnaaiua 

Sulphur 

CalciuK 

Potasaiua 

BroaL'M 

Carbon 

Strontiua 

Boron 

Fluor ina 


19.00  ®/oo) 

■c/kg  (Wai^t  of  Elaaant  par 
Kilonraa  of  Saa  Water) 

18980 

10561 

1272 

884 

400 

380 

65 

28 

15 

4.6 

1.4 
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Salinity* »  Tha  total  amount  of  solid  antsrial  in  greats  oc&> 
tsuLned  m  one  kHograa  of  sea  water  when  all  th<>  cartxmate 
has  been  converted  to  oxide,  the  bronlne  end  iodine  replaced 
by  chlorine  and  all  organic  natter  cospletely  oxidised* 


In  addition  to  Table  1  which  ie  a  partial  listing  of  eleaents  pres¬ 
ent  in  aea  water,  the  following  values  are  used  in  calculations 
in  this  report: 


Sodiua-2i 

yO  *  n  0,45917  gsi-atoms Alter 

=  1,0 

=  0,536  barn*. 

\  a  1.282  X  10“^  per  sec. 

A  «  22,996  gma 


*  Total  chlorine  and  total  aodlun  content  for  eea  water 
of  19*00  chloriaity. (Ref,  l) 
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3.1  BACKGROUND  ACTIVITI 

Ac  iKportant  tactor  ic  cocaidering  ac^r  low  Itvel  countiai;  problaa  is 

th«  background  contributloa  to  the  signal.  There  are  a  &oid>er  of 

sources  of  background  for  the  problcs  under  consideration  i^eh 

bolicallj  Cjji  be  represented  ast 

B  «  B.  ♦  B<.  ♦  » « «  4-  B 
XU  n 

B^  c  potassius-40  and  other  natuTeilly  oocurrlng 
z^iosetiYe  nuolidesin  sea  water 

B^  3  petassitai«40  in  aodius  Iodide  crystal 

B,  B  potassiun-^  in  glass  eneelope  of  photomltipUer  and 
^  ether  eontsainents  in  structural  •aterial 

m  cosaic  ray 

»  f»\llout 

»  coaceatratioB  of  radio>euelides  in  aariae  life 
B^  3  instruaint  noise 

Bo  s  shipboard  contaaination  and  other  sources  of  contssK 
ination 

In  this  section  we  will  consider  soae  of  these  background  sources  and 
attenpt  to  evaluate  their  relative  isportance. 

3.2  NATURAL  RADIOACTIVITl 
3.?‘1  SEA  WATER 

Table  2  exhibits  the  naturally  occurring  radio-nuclides  in  ssa  watar 
(Ogethar  with  concentration*  specific  activity*  and  total  ocean  con- 
t«mt  with  respact  to  vei^t  end  nctirit;^.  The  potassion-^  content 
seesB  to  be  the  principal  source  of  backgrouxid  with  a  specific  ac¬ 
tivity  sf  1.2  X  10*^  dlsiategrstieBs  see*  pei  ail.  figure  1  shows 
tha  decay  seheM  far  potsssiUM-^  <Raf.  3).  ^  associated  gasswi 
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TABLE  2«  R«dio«ctiTtty  of  Soa  Watar  (Raf.  4) 
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n 

nctiTivy  (i«4w  fkrt  «n«rgy)  for  isbi»  isotope  is  appiraxUsatsly  3.57  x  10“^  j 
microeurles  per  slllllitsri  fH*  Wittes  <;usts4  are  typlsol  os:2  it  | 
reaains  tc  be  detertBlaei  ishat  the  varietlan  Cron  ooe  geogxephlcBl  | 
location  to  another  rnsj  b*«  alsoy  shat  Teriation  exists  «ltb  zeapeot  | 
to  depth  for  anj*  clren  loce.tlon.  The  closest  oo^>etltor  of  potassivn  «  j 
40  is  rubldl\u»-87  which  is  a  factor  of  approxtnatelr  50  below  the  | 
potassiua-40  specific  octlwltyt  This  isotope  is  a  pure  beta  eaitter  | 
and  is  not  expected  to  oontribute  a  UaOjCground  signal.  Thorlun  C**  | 
(?l208,  2,62  Mev.y  daughter  in  the  thorlvaa  series)  any  be  significant  | 

J 

for  extrentely  low  signel  lerels.  The  potae8i\i»-40  integral  counting  i 
rates  for  sodlun  iodide  (thalliun  activated)  crystals  of  various  i 
sizes  end  the  differential  spectra  are  discussed  in  Section  3«3»1  of  | 
this  report.  (0)  i 
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3.2,2  COSme  EATS 

A  quantitative  disouosioa  of  cosnie  ray  background  mst  be  defe3rred 
pending  proposed  neacureaeut  prograna.  However,  son*  estiaete  of 
the  reletlve  activity  as  a  function  of  depth  can  be  obt^dined  fron 
Figuro  2,  Figure  3  shows  the  recerdad  coaedc  ray  background  for  a 


t 


HXyi  90MTfy  of  vaS  edaSlC  w£Ck^ wwXSw* 

btttiOQ  frcs  ^nxs  source  obj«Cbl.v3iiwl« 


tvkA 


it  csuld  perhaps  bs  allsie- 


at«d  with  th«  us*  of  a  cosulc  ray  guard  wubrolla.  llils  racourae 
would  r*sttlt  la  addad  ccsplaxity  of  alactroule  aquipBoni.  Iti*  ub> 
br-ella  could  consist  of  a  nuabar  of  cosmic  ray  sensitiY*  detectors 
and  the  count  resulting  fror.  the  incident  ^article  would  be  electri* 
cally  subtracted  froa  the  total  count  by  ah  anticoincidence  circuit* 

That  is*  any  coeaic  particle  which  would  result  in  a  signal  frou  the 
sasple  detector  circuit  would  by  virtue  of  the  geoaetrical  configiiration 
also  have  to  pass  throufh  guard  circuit*  The  resultant  signal  is 
slatfltsneous  to  both  detectors  and  would  be  electrically  aauulled* 


3*3  IRJTROMENTATION  PfiOBIEMS 
3*3.1  CRYSTAL 

Potas8iuflH.40  is  a  known  contributor  to  the  intrinsic  crystal  back* 
ground  and  is  found  in  concentrations  of  3  PPB*  The  crystsl  growing 
industry  is  cognisant  of  this  fact  and  soae  control  can  be  anarclsad 
by  careful  crystal  selection.  An  unknown  source  of  crystal  background 
can  be  traced  to  crystal  contaaioation  and  is  thought  to  be  caaiuu»137 
(fiseion  product)  (Ref*  6),  This  source  is  estiaatad  to  contribute 
210  counts  per  adnute  for  a  3  x  4  inch  Ifal(Tl)  crystal, >  but  should  ba 
of  no  consequence  for  integral  co\mting  above  0.66  Kev*  The  use  of 
stainless  steel  No*  304  as  a  canziing  naterial  as  wall  as  the  use  of 
quartz  betassnphotoaultipller  and  crystal  results  in  sone  z*eduCo 
tion  of  background.  Stainless  steel  Ho.  304  is  reported  to  posseasan 
alpha  background  of  0*019  .012  counts  per  nlnuie  par  20  squara  can* 

tiaetars  (Ref*  7)|  quarts  is  reported  to  possess  an  alpha  backgronnd 
of  O.OOS  e007  counts  par  ninuta  par  20  squara  eantinetara  (Raf*  8)* 
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i;ontaEinents  ar«  preseax  in  the  photosnutxpJLier  xxsexr.  Tnie  source 
of  background  orlglnetes  in  the  glass  envelope  of  the  phototube  and 
In  the  tube  base  npteriel,  T}>e  radio  ele&ente  are  pota88lu»-40  and 
radiuE.  No  activity  has  been  reported  em&naticg  from  the  iiitemal 
tube  structure. 

The  activity  of  the  photomultiplier  varies  directly  as  the  mass. 

Tube  manufacturers  state  that  natural  potassiuay  which  emits  3 
gannas  per  second  per  gramy  constitutes  about  a  tenth  of  one  percent 
of  the  wel.-ht  of  the  glass  of  the  phototube.  The  degree  of  contamin¬ 
ation  will  depend  on  the  sample's  past  processing  history.  Reports 
indicate  that  alttolnum  samples  assay  at  approximately  3  ^  lO”^^ 
curies  of  radiiua  p^r  gram  of  metal  (Ref,  9).  This  appears  to  be 
true  and  is  independent  of  the  vendor  and  applies  to  2S  as  well  as 
17  ST|  52  ST  and  61  ST,  alloy  stocks.  Iron  is  relatively  clean  »dien 
compared  with  lead.  The  smelting  and  processing  procedures  eliminate 
most  of  the  radio-activity  as  oxides  which  are  expelled  with  the 
slag  material.  Some  plastics  sure  generally  free  from  radioactive  j 
contaminants  but  their  feasibility  for  use  in  seagoing,  probes  remains 
to  be  evalurted.  With  respect  to  finishing  materials  leaded  paints 
should  be  avoided  because  of  the  possibility  of  lead-210  (Radium  D) 
contamination. 


3.4  BACKO^OUm)  MEASURBMEirTS 

Background  measureiBeats  were  made  with  the  5x4  inch  Nal(Tl)  probe  inj 
the  2500  gallon  tank  filled  with  water  (Part  6),  The  differential  | 

i 

! 

spectrum  which  was  obtained  is  shown  in  Flgiire  5  together  with  the 
spectrum  of  a  volume  distributed  source  of  pota»8ium-40  atacjooertjatU)'-; 
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corrtspoiidln^  to  that  of  aoa  water*  nitaa  corwea  ware  added  aal 
the  sua  curve  is  also  plotted  la  Figure  5^  ?he  correapondirtg  inte> 
gral  curres  are  ahown  in  Figure  6.  Insofar  as  the  rooB  background 
approxiiantee  the  background  of  the  seSf  these  are  the  spectra  which 
would  be  obtained  with  this  probe  in  the  ocean.  It  is  reasonable  to  eX' 
pect  xhnt  these  represent  an  upper  liait  to  the  background  spectrua 
which  would  be  obtained  at  sea.  The  intrinsic  baclqprouad  of  the 
probe  eon  be  reduced  as  explained  above;  the  contribution  froa  tne 
radioactivity  present  in  the  concrete  walls  of  counting  rooa 
would  not  be  present;  and  except  for  the  surface  region  the  coseic 
ray  contribution  would  be  less  and  a  function  of  distance  below  the 
sea  surface. 
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In  thic  section  we  will  coiUiider  the  results  of  a  flash  (inetantan* 
sous)  actiTation  of  one  liter  of  sea  water  by  cae  graffi«atof£  of  tneraal 
neutrons.  The  probleft  is  approached  in  this  aianner  so  as  not  to  iji- 
troduce  any  subasrine  characceristics  such  as  speed  and  active  hull 
lengthy  but  rather  to  obtain  soeie  eetiaate  of  the  relative  magnitudes 
of  the  reaction  products.  All  of  the  calculations  have  bean  carried 
out  assuming  a  value  of  chlorinity  equal  to  19  ^/oo  with  a  resulting 
salinity  of  approximately  3^.^  ^/oo*  These  values  are  believed  to 
be  rep^'esentative  of  the  problem.  (C) 


The  calculations  which  follow  are  similar  to  those  performed  in  the 
pax>er  by  0.  Drysaen  and  P.  C.  Kyman  (Ref.  10).  The  above  mentioned 
papery  however,  did  use  sli^tly  different  values  for  the  concentra*> 
tiunc  of  various  elements  which,  together  with  some  typographical 
errors  and  oaissioos  of  some  known  radioiaotepes,  justifies  a  re* 
examination  of  the  insults.  (U) 
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The  nustber  of  nuclei,  N,  of  a  particular  radioisotope  as  a  result 


of  the  absorption  of  B  thermal  neutrons  is  given  byj 

fj  _  Cj  *  ^  ■  *  5 

j-i  •* 


(u) 


where ; 


n 

ST  c 

•,  w 


Cjrttm  - 


:  ‘  )i 


C  is  the  nuj^er  of  gran*atoms  per  liter  of  the  isotope 
which  produces  the  active  isotope. 

C  is  the  number  of  gram-atoms  per  liter  of  the  element 
whose  isotopes  absorb  neutrons. 
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is  the  therral  neutr^;.  actiTatloB  cross  sect^oBf 
- — _ ^  ^0  w*!ini!Tr""***"**** 

VAp4  OCsOVtA  All  UU.V'Ji^  Wik  WCB*.<;«v« 

'^^aba  ^  thertMil  neutron  abeorption  cress  section, 
expressed  in  units  of  bsrns^ 


The  suaaetion  index,  Jsl  to  q,  accounts  for  the  oweber  of  wa^e  in 
which  the  active  isotope  can  be  formed,  i.e,,  (n,?),  (n,  o  )«  {n,2"5. 


The  sugoatios.  index,  i«l  to  n,  accounts  for  the  total  number  of  ele> 
Qi<ssts  undergoing  neutron  absorption  reactions. 

The  product  N  X  then  gives  the  disintegration  rate  (disintegrations 
per  second)  of  the  active  isotope.  Dividing  nA  by  3«7  x  10^^  con- 
\erta  the  dieiategration  rate  to  the  nuaber  cf  curies  of  the  radio¬ 
isotope  in  question.  Th«  activity,  A,  in  curiee  at  time  TcO  iat 


Afo)  =  Jlh - 

3.7 


XB 

3.7X/0'* 


curies 


where  A  is  the  decay  constant,  expressed  in  \utit«  per  second. 


To  find  the  activity  in  ctariea  for  the  Isotope  of  Interest  ps  a  func¬ 
tion  of  time  (T.'^O),  the  following  relation  is  used; 

A(T)  a  a(0)  9*^^  curie® 

where  T  !<>  the  tiate  elapsed  oftez'  irradiation  takes  place,  expressed 
in  units  of  seconds. 

The  antivity  at  7=0  is  hi^  for  eose  Isotopes  (see  Table  3)*  It  can 
be  seen  that  those  Isotopes  »fith  a  particularly  short  half  life 
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I  W  3LB  iiislg2>ificant  «ac\tat  to  the  total  actlrity  after  the  firet  tenth  of 

i  on  hour. 

Figure  ?  depicts  the  total  activity  as  well  ae  the  individual  activi* 
ties  cs  a  function  of  tiac  after  irradiation  ceaaea  for  those  radio* 
isciopes  whose  activity  at  T^O  is  one  curie  or  core.  It  can  be  seen 
that  chlorine-38  is  the  largest  single  hoatrihutor  diiring  the  first 
1.8  hcurs.  •  Thereafter  80(iiu«-24  is  predominant  for  the  next  99  hours, 
after  which  the  total  activity  is  due  tc  stufur-35. 


Figure  8  shews  the  activity  for  the  short  half-life  isotopes  lilhiu*- 

8,  boron-12,  fluorine-20,  and  oxygen-19»  llieae  were  not  shown  in 

F^.gure  3  no  as  not  to  detract  froa  those  isotopes  which  are  of  is- 

gediate  interest  for  oubenrine  wake  det-^ction.  ^  Bin.)  and 

because  they  are  of  significf’jotly  lower  activity. 

It  nay  be  that  those  isotopoe  whose  half  lives  art  less  than  several 

ninutes  night,  have  application  to  other  than  long  range  subisarine 

detection  such  uf  type  identification  or  tracking. 

As  noted  previously  the  data  shown  in  Figures  7  sad  £  were  Bade  for 
a  value  of  salinity  equal  to  34.5  ’’/oo.  The  equations  for  salinities 
other  than  54.5  Voo  will  now  be  presented. 


Since  C  and  C*  are  proportional  to  the  salt  content,  S,  the  follow¬ 
ing  relations  axe  valid  within  the  limits  discussed  in  part  2t 
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ocwlaatxoo  oz  fmox*  •»  aaows  ce«t  'Cwo  aautron  aoBoroara, 

bydrogan  and  cbiorina,  account  for  Boat  of  tna  neutrona.  Sinca  hydro* 
gan  absorption  is  Indapandent  of  tha  salt  contant,  ona  can  than  writ* 
tha  approxloation: 

^  Cs  •on,  3  51  -h  3  “ 

t-i  > 

Tha  total  activity,  A  total,  than  variaa  with  tha  aadt  contant  ac- 

A 

cording  tos 

A  -A  •  j—  _£2L*!£__ 

'’5  c««.|  ■  3.yj  r.T»l  -if.  jit  t  i8.<ia3-S 

_  3  _ 

V»  then  have  a  convenient  way  of  coaputing  tha  total  activity  for  any 
viilua  of  salinity  onca  a  given  case  has  been  coaputad  carefully.  Tha 
cciaputad  results  are  sho —  in  Table  3  for  34.3  Voo  salinity. 


The  expression  for  the  decay  of  tha  isotopes  listed  in  rigura  7  is 
relatively  strai^tforwsrd  with  the  exception  of  broBiae-80.  The  ac¬ 
tivity  as  a  function  of  tim  for  tha  broBine-80  concentration  is 


given  by  (Ref.  ll)i 

Ju. -  •  ^,(o) 


e.  ^  e  -t-  AMe 


where  A. (0)  is  tha  activity  of  Br  at  TaO,  expressed  in  units  of 
curies. 

So 

Ap<0)  is  the  activity  of  Br  at  T»0,  expressed  in  units  of 
curies. 

^  f^re  the  decay  constant ,  expressed  in  units  of  seconds 

The  pertinent  values  for  A^(0),  A^CO),  ^  and  ^  g  are  given  in 
Table  4, 
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it  ^lii  be  noted  that  the  I'irat  group  of  tci'Ens  in  the  above  equation 
shows  the  growth  of  the  daughter  (bromine-W)  fron  the  jxirent  decay 
(brooiae-80  netastable)  and  the  decay  of  the  dfiughter  activity  while 
the  last  term  gives  the  contribution  at  any  tiae  froa  the  initial 
daughter  activity.  (0) 


4.2  THE  NUCLEAR  SUBMARINE  AS  A  NEUTRON  SOURCE 

la  this  section  we  will  consider  the  nuclear  powered  subnax-ine  as  a 
source  of  neutrons  and  obtain  an  estisate  of  the  induced  activation 
in  the  surrounding  sea  water.  Only  the  induced  activities  of 
soi}iu»>24  and  chlorlne~38  sr*  consid'ired.  (C) 


Tiii  defining  equation  for  activation  analysis  i.s  given  by  (Ref,  12):  ^U) 


4*:  * ^*4.  4 


A(t)  =2^  0  V(l-e“^^).r^^  (Bq.  1) 

where  *  j  N^  ‘f 


»  disintegration  rate  for  an  arbitarary  tiae,  t. 
a  isBcroaoOpio  actlvatloii  cross  section 
■-«  density 
K  asss  nusber 

23 

5  Avogrados  nuaber  (6.02^  x  10  ) 

=  aicroscopic  activation  cross  section 
X  isotopic  fractional  abundance 
s  neutron  flux 
s  irradiated  saaple  voluae 
B  decay  constant 
B  irradiation  tiae 

a  elapsed  tiae  after  irradiati'-n  ceases 
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in  ^he  foiiowinr  calculniioas  the  effective  submarine  hull  area  k  fro® 
which  neutrons  escape  is  taken  to  be  typically  at  20  x  30  feet  (the 
20  foot  dimension  lies  alon^;  the  longltudl2ial  axis  of  the  submarine). 

I 

The  element  of  irradiated  volume  is  taken  ac  A  times  four  diffusion 
lem^ths  L|  for  thermal  neutrons  in  water  (L  ■  2.85  cm)  (Ref.  13). 

I 

The  irradiation  time  T,  is  taken  as  the  active  length  of  the  submarine 
hull  (20  feet)  divided  by  the  submarine  speed  (20  knots),  (C) 

I 

( 

The  analysis  is  certainly  not  for  the  general  case  since  it  has  been  ! 
tacitly  assumed  that  the  escaping  neutrons  are  of  t-hennal  energy  and 

i 

I 

those  which  are  epithermal  or  fast  will  be  moderated  to  thermal  energy. 
This  is  not  unreallat'*  since  water  ia  a  relatively  good  moderator  and 
the  age-to-thermal  for  fission  neutrons  is  known  to  be  approximately 
31  square  centimeters  (Ref.  14.)  In  addition  a  more  general  treatment 

( 

trust  consider  the  neutron  leakage  as  a  function  of  the  reactor  power  | 

i 

which  in  turn  limits  the  submarine  speed,  (C) 

The  remnin.lng  terms  of  Eqiaations  1  and  2  can  be  found  in  a  number  of 
good  references  on  physical  data.  (U) 

The  results  of  the  calculations  are  reported  in  Table  5.  The  effect 
of  wake  dilution  'nas  not  been  taken  into  consideration  since  no  basis 
for  an  estimate  could  be  obtained.  However^  if  future  wake  dispersion 
studies  indicate  the  amount  of  mixing  in  the  wake  so  that  a  dilution 
factor  X  can  be  calculated,  the  concentrations  would  have  to  be  de-  j 

creased  by  this  factor.  The  feasibility  of  detection  can  only  be 
estimated  without  knowledge  of  this  dilution  factor,  (C) 
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TABLE  3*  Neutron  Flux  and  Induced  Activity.  (U) 


nux  (0) 

Neutrons  /cn^/sec 

(»i) 

Total^** 
Neutron  sec 

WE.'”’ 

Equivalent 

(curies) 

Total  Initial 

Induced  Activity 
Na^  +  Cl^ 

i"<?/«ll _ 

Relative  . 

(' 

Concentretion 

2  X  10^ 

1.1  X  10^ 

550 

5.1  X  1C“^® 

ho 

Belov 

5.6  X  ic'^ 

2,800 

2.55  X  10"^ 

»  1  r'iO 

Below  R 

105 

5.6  X  10^^ 

28,000 

2.55  X  10~® 

Atic"® 

107 

5.6  X  10^ 

2,800,000 

2.55  X  10“^ 

Above 

10^ 

■>7 

5.6  X 

2.8  X  10^^ 

0.255 

Above  K**® 

NOTE:  (a)  Effective 

hull  area  600 

square  feet 

(^)  2  X  10^  neutrona/sec/curle  PoBe 

(e)  specific  geouM  activity  3  *  jk/uI  (Rtf.  16) 
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Two  ll&iti&s  val'jM  of  noutroa  fluxoa,  2  x  10^  aad  10*°^  MUtroM  p«r 

a<}UAr«  c«Qtin*t«r  pai*  aocond,  wtra  takoa  aa  lowor  xioA  upper  Halts  of 

4 

expected  possible  Tsiues.  the  rslue  of  2,’^  x  10  aeutroaa  per  square 
centlueter  per  seooad  bas  been  axperiaestally  deteraiaed  (Ref*  15)* 


The  poloalua^berylllua  equlvaleat  Is  lacluded  la  Table  5  In  order  to 
provide  an  iadleatioa  as  to  the  aagaltude  of  the  subaarlae  aa  a  aeu* 
tron  source.  One  curie  values  are  aot  imcoasKta  laboratory  sources* 


The  feasibility  coluaa  is  a  coaparisoa  between  the  natural  potasslu:  - 
40  concentratloB*  a  aajor  background  source ,  and  the  Induced  Initial 
activity  due  to  sodiua«24  and  chlorlne-38* 


Now  it  is  interesting  to  know  th//  activity  of  chlorins-36 
relative  to  the  activity  of  80dlua«24  as  a  basis  for  possible  track* 
is^  tachni^ues.  The  defining  equations  can  be  seen  to  be  independent 
e/  neutron  flux,  irradiated  ToluBe«  or  irradiation  tine. 


(Eq.  3) 


A(t), 


It  follows  that 


AU)«^  (Xcx)' 

and  with  the  proper  values  of 


(Eq.  4) 


i  ^  5"^^  10  -  ^  ^f>r  cm  2^  -  X  ^  Ptr 


ptr  C0) 


5.1  X  f*"  5f-C 
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(Bq.  5) 


I 


^  (  L 

Equation  3  'mb  baan  plottad  in  Figxira  9  as  a  function  of  cblorina-33 
half-liTae.  It  should  ba  not  I  that  aftar  approxisately  1  hour  and 
51  ninutes,  th«  chlorina«3S  activity  equals  the  sodiuB>24  activity. 
Figure  10  shows  the  decay  schaaes  of  these  isotopes.  (n) 
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Cl'~  DeoDjr  Sch®««  (»•/.*.  19) 


T  1/2  .  37.29  Min 
■  2,16  M*t 
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^.81  M«t  (55^) 

3”  -  2.77  M«v  (16J^) 
3’^-  1.11  Mev  (315S) 
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Stable ) 


T  1/2  -  i4.9"  hr 
-  1.568  KeT 
Yg  2,754  M«v 
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COUNTINa  STATISTICS  <R«f*.  4,  17,  1^) 

In  a  practical  counting  expariaont  ther«  ara  aany  factora  which  will 
contributa  to  tha  ultiaata  parforaanca  of  a  w&tar  monitor.  The  dacay 
of  a  radioactlra  spaciaa  is  subject  to  statistical  aariation  which  is 
raasonablj  wall  understood.  Tha  problaa  is  to  datact  weak  coneantra- 
tiona  of  a  givan  nuabar  of  radioisotopes  subject  to  statistical  vari* 
ations  in  tha  prasance  of  a  background  which  itsalf  is  subject  to 
fluctuations. 


A  few  relationships  will  be  derived  in  this  seccion  which  should  be 
an  aid  to  the  reader  in  following  soaa  of  the  axperisantal  results 
reported  in  tha  later  sections. 

5.1  MINIMUK  DETECTABLE  COlfCENTRATlON 

Tha  ainiauB  detectable  coneantration,  liaitad  for  tha  present  only  by 
statistical  considerations,  can  be  expressed  as  a  function  of  several 
quantities. 

Soaa  principal  quanticias  ares 

1.  Background  counting  rate. 

2.  Tlae  duration  of  the  observation  period. 

3.  Counting  efficiency  of  the  InstnuMnt. 

4.  Confidence  level. 

5.  Error  one  is  willing  to  entertain. 

6.  Effective  voluae  tha  detector  "si^s.'* 

The  necessary  equations  relatizsg  the  above  qsiantities  have  been 
largelr  workod  out  in  a  ntaiber  of  literature  sources  but  are  nov 
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idtaliy  ault«d«  in  Th«  icra  pr«ri*atra,  tor  ASW  applicatios  (Rsfs. 

4,  21).  Thar* fora,  tb«  raquirad  expraaaiona  will  wit« 

SOM  ftinor  chengaa. 

Couidar  tha  caa  watar  to  ba  ooataainatad  ifith  a  coneantrntloft  of 
radloautivlty,  C  olorocurlaa  par  ■lllilltar  (  /<c/b1),  aoid  lot  thia 
actlTlty  raau^t  la  a  hot  aaapla  counting  rata  of  S  counta  par  aacond 
(opa)  balng  racordad  by  tha  inatnisant. 

Lat  tha  aaaraga  background  contrlbuta  a  counting  raza  of  B  epa. 

Tha  arror,  Y,  of  a  co’jr>.-5 ng-rata  datemination  will  ba: 


whara  S  ia  tha  nat  counting  rata  of  tha  aaapla , 

B  ia  tha  counting  rata  of  background  alone 

is  tha  counting  tine  of  sanpla  plus  backgrovsd^ 

7^  ia  tha  counting  tine  of  background  alona^ 

K  ia  tha  factor  found  in  tha  third  coluon  of  Table  6. 

Tha  niniaua  datactabla  signal  ia  than: 


whara  S  ia  tha  counting  rata  dua  to  tha  saapla  alona.  Thia  aaanai 
for  axaapla,  that  a  counting  rata  of  4.9  -i-  3.0  ia  not  conaidarad  da«> 
tactable,  vhareaa  ^*0  ia  conaidarad  datactabla. 
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Th*  fr«ctioaal  •rror.  F.  can  b«  written  n«i 
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No«f  to  aiaiiAls*  th#  arror  bjr  afflcicnt  distributioa  of  counting  tiaasi 
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B 


Tj  N  ^ 
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Suppoa*  for  a  low-lavel  counting  exptrlatnt  that  S^-B  B,  than  it 


follotra  thjit  T  ■  T.  *  T 

S  o 


Tha  cxpraaoion  for  tha  fractional  arror  cun  then  be  replaced  by 


»  Z3 
T 


j  a  * _  _  ctAj^Ti  ptr  %efcn/i 

AF’  .  T 

The  efficiency  of  the  instruaent,  E,  is  defined  as  the  ratio  of  tha 
reoordad  counting  rata  to  tha  dlsiategntion  rata  that  ooeurred  ,ia  the 
aaapla  during  one  cexmting  interral. 


Syabolically  then 

p _ S  c.^i/nij  >jr/" 

'  3.7  y  ^  cj.jT  X  r  A 


_ 


^  C/tc-  X  I/..  4 


where  V  is  the  roluse  axprasaed  in  units  of  aillilitera. 

C  is  tha  concantration  axpressad  in  units  of  aicrocurias  per 
aillilitar. 


Substituting  for  S  in  the  last  equation  and  solving  for  C  yields: 
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If  there  are  a  auaber  of  voluM  distributed  background  sources,  then: 

B  =  iz  Vu  £4 

1-1 

In  addition  there  say  be  contributions  to  the  background  which  are 
known  only  in  terse  of counts  per  second.  The  total  background 
contribution  is  giTon: 


a 


Then: 


i.,  " 


C 


^  V/f  f  //g  g  i  ^ 
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5.2  00KPDTE8  STOUT 

A  study  is  underwAy  in  which  the  pertinent  pisraseters  c^e  persuted 
la  seaniagful  coabinations  which  together  with  the  experisent&l  data 
should  provide  a  sound  basis  for  detector  design.  The  study  is  being 
performed  with  the  aid  of  an  IBM  704  electronic  coaputer. 

One  of  the  objectives  of  this  study  is  to  accuaulste  data  which  will 
facilitate  a  choice  of  detectors.  In  Section  7*2  of  this  report 
data  is  presented  for  different  phosphors  of  coaparable  dimensions. 
Each  detector  will  have  a  net  saaple  counting  rate  end  a  background 
^  rate.  The  following  paragrepbs  devolsp  the  analytical  expressions 

involved  in  the  comparison  of  detS'.tion  syetemn. 
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5, 0^2,0  c?a  le  poorer  than  5.0 ^1.0  op«  or  50^12  cp«. 


Synbolically  them 
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It  followe  thatt 


h.  ^ 
®1 


2  ®1/Si 


The  proportionate  chan«;e  In  background  oounta,  B2/B1,  can  be  regarded 
as  the  dependent  variable  and  the  proportlcinate  change  in  saaple  counts 
S-5/S1,  as  the  independent  variable  nlth  the  oid^inal  background  to 
saaple  counting  ratio,  as  the  par»«eter  in  the  above  inequality. 

Figures  11  and  12  are  plots  of  this  ineq\ifdit]r  • 


Two  exanples  are  offered  as  an  aid  in  using  these  graphs! 

1.  For  a  decrease  in  the  net  saaple  counting  rate  fro®  Sj^  to  82,  what 
is  the  BinliBua  change  in  background  counting  rate,  3j^  decreases 

to  Bj,  so  that  the  statistics  will  be  conserved?  Let  the  rati 
S],/Bi,  be  0,5  and  aaeujse  a  change  in  sasaple  count  rate  S2/Sj^  of 
0.4.  Taking  these  values  to  Figure  11,  Bg/Bj^  Is  0,1  which  means 
that  the  background  mast  be  reduced  at  least  to  one  tenth  of  its 
rjxdigiaal  valus  if  statistical  reliability  is  to  be  conserved. 

2.  For  an  increase  in  net  sample  counting  rote,  let  S2/S1  be  2  and 
S^/Bi  be  5.  Fro*  figure  12  it  is  ssea  that  the  increase  in  back¬ 
ground,  B2/B1,  a«y  be  as  much  ae  9  with  no  lose  in  statistical 


reliability. 
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Consider  now  th«  following  situation.  Suppose  w«  heere  an  initial  net 

arxi  that. 

signal  to  background  rstio  of  S^/B^r  It  is  possible  to  reduce  the 

background  to  essentially  sero  out  in  doing  so  the  net  signal  is  also 

reduced.  This  problem  coses  up  in  background  depression.  The  ques- 

tion  ie  what  level  S-  is  requirea  for  B.  =  0  so  that  the  statistics 

d  c 

are  preserved  for  s  given  counting  time?  The  necessary  expression  is 
seen  to  be: 


This  insqtwlity  is  grsphicslly  portrayed  in  Figure  13*  The  physical 
significsnce  of  this  last  inequality  is  that  reducing  the  net  seuq>le 
counting  rate  below  the  value  required  by  the  inequality  will  re¬ 
sult  in  poorer  counting  statistics  or  s  longer  counting  time  to  pro- 
servo  the  otatistiCy  even  though  the  background  has  been  eliminated. 


Exaaploi 

Let  the  count  rate  from  sodiuB-e4  in  a  raw  ssaq;>lo  of  sea  water 
bo  200  cpm. 

Lot  the  potasaiun-^  background  be  «  200  cpn  so  that 
®1 

-i  »  1.0 

'i 

Now  say  that  all  the  potassium-^  is  rsaoved  so  that  »  0  what  aust 
ths  80dium-24  counting  rate  be  so  that  the  statistics  remain  invarient 
for  a  given  counting  tioe? 
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$2  =  66  cpm 

That  is,  with  all  the  potass ium-^;0  removed  the  sodium-24  mast  yield  a 
counting  rat  9  of  66  cpm  in  order  to  preserve  the  statistics  when  com- 
peired  to  an  initial  sodium-24  count  rate  of  200  cpm  and  a  potas8ium-40 
count  rate  of  200  ci«. 

This  example  assumes  that  the  sole  contributor  to  the  background  is 
pota6sium-40  content  in  the  sea  water.  This  is  not  so  but  serves  to 
illustrate  the  idea.  This  fact  should  be  kept  in  mind  considering 
the  potasbluffl-40  background  suppreaslon  disoussicn  under  the  chemical 

concentration  section. 

5,4  COUNTING  TIME 

In  an  effort  to  establish  an  estimate  of  the  counting  tines  required 
to  satisfy  a  specified  confidence  level  and  fractional  error,  data 
collected  in  the  laboratory  were  used  in  the  following  equation: 

T  =  ^  (Si'  B) 

where  t  =  counting  time 

K  =  factor  from  column  3,  Table  6_ 

F  =  fractional  error 
S  s  net  sample  counting  rate 
B  s  background  counting  rate 


•*  X 


The  above  equation  assumes  that  the  backgroxmd  counting  rate  will 
have  been  well  established  prior  to  the  experiment  and  its  error 
small  compared  to  the  magnitude  of  the  signal. 
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tivity  in  the  wake  of  a  nuclear-powered  submarine  are  presented  in 
Figures  to  1?  as  functions  of  the  total  induced  activity  in  tke 
wake.  These  cxu^ves  were  obtained  from  the  predicted  spectral  shape 
in  a  5  X  ^  inch  Nal(Tl)  crystal  for  the  induced  activity  produced  by 
the  flash  activation  of  the  sodium  and  chlorine  in  sea  water  immed¬ 
iately  after  the  passage  of  the  submarine.  Integral  couiiting  tech¬ 
niques  were  assumed  in  that  all  counts  above  a  given  energy  were 
counted.  Two  values  were  taken  for  the  lower  energy  level  (100  kev 
and  1.6  Mev).  The  counting  times  which  are  needed  depend  very  sen¬ 
sitively  on  the  statistical  certainty  of  detection  which  is  desired. 
Cuinres  are  given  for  a  confidence  level  of  95/1^  with  a  fractional 
error  of  5  percent  and  for  a  confidence  level  of  50  percent  with 
a  fractional  error  of  50  percent.  (c) 


Two  choices  for  the  background  were  made.  In  the  first  case  the 
background  was  assumed  to  be  due  solely  to  the  sea  water  concentra¬ 
tion  of  potas8iuffl-40;  and  the  second  case,  for  a  background  which  in¬ 
cluded,  in  addition  to  the  potassiuffl-40 ,  the  background  which  was 
measured  in  our  tank  filled  with  tap  water.  The  backgroimd  spectra 
which  were  used  are  shown  in  Figures  5  and  6  .  The  actual  background, 
hence  the  counting  times,  will  be  intermediate  between  the  two  sets 
of  curves,  (U) 


In  Table  3,  page  10*^,  will  be  found  the  approximate  neutron  leakage 
fluxes  which  would  produce  the  corresponding  specific  activities  for 
a  submarine  speed  cf  20  knots  and  assuming  no  dilution  of  the  wake,  (c) 
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EXPiSIWENTAL  PROCEDURE 


6.1  INTRODUCTION 

Volume  distributed  spectra  were  obtained  for  solutions  of  pota/ssiiun- 
4o,  sodiua-24  chlorine-38.  These  isotopes  correspond  to  the  chief 
contributors  to  the  radioactive  background  in  sea  water  (potassium-40) 
and  the  principal  radioisotopes  produced  by  the  submarine  (sodium-24 
and  chlorine-38).  The  experimental  data  was  obtained  as  follows:  a 
waterproof  detector  was  suspended  at  the  center  of  a  large  cylindri¬ 
cal  tank  containing  a  mixture  of  one  of  the  isotopes  and  water.  Pul¬ 
ses  from  the  detector  were  fed  to  a  256-channel  analyzer,  and  the 
spectrum  was  recorded.  The  tank  v*ill  be  shown  in  Figure  29 »  72. 

r 

6.2  SOURCES 

The  potassium-40  was  obtained  from  commercial  grade  (muriate  of  pot¬ 
ash)  potassium  chloricie.  A  chemical  assay  of  the  material  showed  it 
to  contain  95*63  percent  potassiius  chloride.  Since  0.012  percent  of 
natural  potassium  is  pota88ium-40,  a  specific  activity  of  2.26  x  10  ^ 
^<A./ml  was  obtained  in  the  tank  for  each  100  pounds  of  the  potassiiun 
chloride.  Approximately  200  pounds  were  used  for  each  series  of 
measurements. 

The  60dium-24  and  chlorine-38 • were  produced  by  neutron  bombardment  in 
the  University  of  Washington  60-inch  cyclotron.  The  neutrons  were  ob¬ 
tained  by  the  bombardment  of  a  beryllium  plate  by  20  Mev  deuterons 
in  the  target  chamber  of  the  cyclotron.  Previous  measurements  by 
cyclotron  personnel  have  shown  that  fast  neutron  fluxes  of  about  10^^ 
neutrons  per  square  centimeter  per  second  were  obtfixucd  with  deuteron 
beams  of  about  ICO  micraanperea.  Most  of  the  cyclotron  rins  were  with 
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huux'. 

The  3odiuni-24  was  made  by  placing  aoproximately  22?  grams  of  sodium 
chloride  in  small  bottles  directly  in  the  fast  neutron  flux  (Figure 

22) .  The  measurements  were  made  in  the  tank  on  the  day  following  the 
bombardment  so  that  the  induced  chlorine-38  activity  had  decayed  to 
an  insignificant  level. 

The  fast  neutron  flux  could  not  be  used  to  produce  the  chlorine-38 
because  of  the  simultaneous  production  of  chlorine-34  by  the  (n,  2n) 
reaction  v/ith  chlorine-35,  Chlorine-34  has  a  half-life  of  about  32 
minutes  very  close  to  thax  of  chlorine-5S  {  —>  31  minutes),  and  a 
variety  of  gamma  rays  'with  energies  which  would  interfere  with  the 
determination  of  the  chlorine-38  spectrum.  The  fast  neutron  flux 
was  therefore  moderated  by  placing  the  sample  to  be  bombarded  in 
a  2-inch  diameter  hole  in  a  cylindrical  container  (approximately  22 
inches  in  diameter)  of  paraffin.  The  container  and  sample  were  then 
placed  as  close  as  possible  to  the  cyclotron  target  chamber  (Figure 

23) .  This  arrangement  reduced  the  amount  of  chlorine-38  activation 
by  about  an  order  of  magnitude,  but  with  a  negligible  tunount  of 
chlorine-34  contamination.  About  225  grams  of  lithium  chloride  was 
bombarded  at  a  time  to  obtain  chlorine-38  samples  free  of  sodium-24 
activity.  The  induced  activities  iri  the  lithium  were  of  very  short 
half-life  and  had  decayed  before  the  counting  was  performed.  The 
specific  activities  of  the  sodium-24  and  chlorine-38  solutions  'were 
in  the  range  from  one  to  ten  microcuries  per  milliliter. 
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Figure  22.  Cyclotroo  Tai^t  Box  with  Backs  Coataiol^  Saa^le  Viols. 

A  beam  of  20  Mev  deutercms  enters  from  the  right  and  strUsea  a  beryllium 
plate  inside  the  target  box.  High  energy  neutrons  emitted  ^  tbs  beryllium, 
Irradiate  the  NaCl  samples  (in  recks,  center  of  photo)..  A  few  hours  are 
allowed  for  the  decay  of  01^4  an^  ci38  (both  about  l/Z  hours  half  life)  after 
which  Na24  is  the  wily  detectable  gamma  emitter, 

The  paraffin  block,  shom  between  the  sample  racks,  was  ineffeotire  as  a 
moderator  (see  Figure  23), 
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Three  waterproof  detector  assemblieo  were  constructed  (Figures  24 
to  27).  These  were  made  of  stainless  steel  (ORES  SHT  or  ORES  I'ube 
type  321)  to  accommodate  one  of  the  three  sizes  of  detector  used. 

The  following  detectors  were  used. 

1.  Sodium  Iodide  (Thallium  activated)  in  sizes: 

1  3/4  inch  diameter  by  2  inc^e8  long 
5  inch  diameter  by  3  inches  long 
5  inch  diameter  by  4  inches  long 
each  with  aluminum  oxide  reflective  coating. 

2.  Pilot  ••S'*  Plastic  Scintillators  (Ref.  23)  in  sizes: 

3  iuCu  uiasioter  by  3  inches  long 
5  inch  diameter  by  4  inches  long 
each  with  aluminum  foil  reflective  coating,  loosely  coupled 
to  the  scintillator, 

3»  Dr.  Miremda’s  liquid  Scintillant*  (Ref,  2^.)  in  containers 
of  sizes: 

3  inch  diameter  by  3  inches  long 
3  inch  diameter  by  4  inches  long 
each  with  the  Inside  of  the  container  coated  with  vaporized 
aluminum  and  containing  a  quartz  end  window. 

6.4  PULSED  HEIGHT  COMPARISON  OF  REFLECTIVE  COATINGS 

A  number  of  identical  plexiglass  cyclinders  were  constructed  (3  inches 

long,  3  inches  in  diameter,  1/8  inch  thick)  in  order  to  determine 

the  reflective  coating  that  gives  optimum  light  collection  from  the 

*  Dow  Coming  555  Fluid  plus  100  grams  of  napthalene  and  4  grams  of 
2»5  -  diphenyloxazole  per  liter  of  fluid. 
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Figure  24»  Waterproof  Detector  Aasemblles  for  Use  in  the  Calibration  Tank. 
The  probesy  from  left  to  rLg^ty  would  accomodate  if-lnch  by  2-inchy  3-lnch 
by  3-lnchf  and  3»inch  by  4«ineh  scintillation  detectors*  Hal(Tl)  crystals 
of  all  three  sizes  were  tested*  Pilot  ”3”  plastic  and  Miranda’s  liquid 
scintlllent  were  tested  in  the  two  larger  sizes* 
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PiguTG  26.  Disassembled  View  of  the  3-Inch  Probe,  Arranged  in  clockwise 
order  are  the  ma  metal  shield,  photomultiplier  standiiig  on  the  plastic 
phosphor  container,  sodiim  iodide  crystal  container,  integral  sodium  iodide 
cj.ystal  -  photomultiplier  -  shield  assembly,  probe  housing,  cathode  follower, 
sleeve,  and  end  plate.  In  tte  left  foreground  are  a  container  and  an  adajpter 
ring  for  the  liquid  scintillant. 
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Figure  27*  Disassembled  View  of  the  5-lach  Probe*  A  Pilot  "B"  plastic 
pi  osphor*  5  inches  in  diameter  by  4  inches  thick  is  in  the  container 
in  the  left  foreground,  next  to  an  adapter  ring.  Behind  them  are  the 
mu  metal  photomu3.tiplier  shield,  5-inoh  photouiultiplier  with  tho  5-inch 
by  4-lnch  Nal(Tl)  crystal  in  its  container,  the  probe  housing,  cathode 
follower,  a  mounting  ring,  and  the  end  plate*  A  sleeve  is  behind  the 
cathode  follower* 
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liquid  sciniiilamt  d*vaioped  by  Dr.  Henry  Miranda  or  Hudson  Labora" 
tory.  The  eminsion  uxd  absorption  spectra  of  this  scintillant  ^re  not 
yet  known. 

A  throe-inch  DiiMont  phototube  (Type  6563)  was  fitted  with  a  container 
which  allowed  the  different  cylinders  to  be  easily  changed.  The  cyl¬ 
inders  were  optically  coupled  to  the  phototube  with  Dow-Corning  200 
fluid  of  relatively  low  viscosity  (1000  centistokes). 

The  differential  pulse-height  spectrum  was  run  for  each  cylinder.  The 
phototube  high  voltage,  1200  volts,  was  manixally  disconnected  to  change 
cylinders.  A  window  width  of  two  volts  was  used  (6  rov  phototube  pulse). 

To  relate  the  pulse  height  of  the  Scintillations  to  the  recorded 
amplifier  output,  pulses  from  the  Precision  Pulser  were  introduced  at 
the  input  of  the  amplifier,  and  the  pulse  height  axis  was  calibrated 
in  terms  of  cathode  follower  output  voltage;  or  since  the  cathode 
follower  has  a  gaiji  of  approximately  0.2.  in  terms  of  the  phototube 
output  pulse  height. 

The  various  coatijigs  used  for  this  experiment  and  the  method  of  prep¬ 
aration  of  the  various  surfaces  are  listed  in  Table  7* 

The  results  are  shown  graphically  in  Figure  28,  showing  the  counting 
rate  in  a  narrow  "window”  (  V  '2^  6  mv)  versus  phototube  output  pulse 
in  millivolts. 

The  two  extreme  cases  are  silver  or  aluminum  evaporated  on  a  smooth 
surface  and  silver  on  a  roug^i  surface.  The  silver  on  smooth  surface 
gave  a  mirror-like  finish,  while  the  silver  on  the  rough  surface 
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PrepaxatiOii  of  SoflvCtive  Coatings. 


a.  Silver  on  Smooth  Surface  (a) 

A  thin  silver  film  was  evaporated  on  a  polished  cylinder  in  a 
vacuum  chamber. 

b.  Aluminum  Foil  -  Smooth 

Aluminum  foil,  made  by  Foilrapp  Inc.,  Seattle,  was  wrapped  a- 
round  the  cylinder  and  secured  with  a  rubber  band. 

c.  Alpha-Alumina  -  Painted 

Alpha -alumina.  Type  A-5175t  No.  P-;5^3l6,  made  by  Linde  Air 
Products  Company,  New  York,  was  mixed  with  Plastic  Cement  #3» 
made  by  Universal  Plastics  Company,  Seattle,  and  bruah-padntod 
on  the  cylinder.  Eight  coats  were  applied. 

d.  Tygon  Paint  -  Sprayed 

White  Tygon  Paint,  TP-6I,  made  by  U.S.  Stoneware,  Akron,  Ohio, 
was  sprayed  on;  approximately  3  coats . 

e.  Aluminum  Foil  -  Rough 

Alufflinviffl  foil  (same  as  above)  was  roughened  with  alpha-alumina 
to  produce  a  dull  finish,  which  was  wrapped  loosely  around  the 
cylinder. 

f .  Magnesium  Oxide  -  Sprayed 

Magnesium  oxide,  "Bakers  Analysed"  Reagent  grade,  made  by  I.  T. 
Baker  Chemical  Company,  Phillipsbury,  New  York,  was  mixed  in 
Glidden’s  Acrylic  Plastic,  I7O-C-I,  clear,  and  approximately 
eight  coats  were  sprayed  on. 

g.  Alpha-Alumina  -  Sprayed 

Alpha-alumina,  Type  A-5175,  Lot  No.  P-#3l6,  made  by  Linde  Air 
Products  Company,  New  York,  was  mixed  in  acrylic  plastic,  I70- 
C-1,  clear,  made  by  Glidden  Co.,  Cleveland,  Ohio.  Approximately 
15  coats  were  spreiyed  on  on  cylinder. 

h.  Aluminum  on  Rough  Sxxrface  (a) 

A  thin  aluminvun  film  was  evaporated  on  a  sand-blasted  cylinder 
in  a  vacuum  chaunber. 

i.  Silver  on  Rough  Surface  (a) 

thin  film  of  silver  was  evaporated  on  a  sand-blasted  cylinder 
in  a  vacuum  chaunber. 
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j'.Ipha-al.uiaina  sprayed  on  and  painted  on.  In  the  first  case,  although 
15  coats  were  applied,  the  coating  was  thin  and  appeared  somewhat 
opaque,  while  the  painted  coat  was  much  thicker,  having  a  white  chalky 
appearance.  Apparently  the  coating  with  the  greatest  reflectivity 
performs  best  for  this  scintillant.  Next  came  the  diffuse  reflectors, 
where  those  with  the  '’whitest"  appearance  perform  best,  up  to  about 
75  percent  of  the  "mirror"  finish.  It  should  be  noted  that  the  silver 
and  aluminum  coatings  evaporated  on  a  smooth  surface  gave  essentially 
identical  results. 


The  fact  that  the  liquid  scintillant  ussvl  in  this  experiment  was 
bubbled  with  dry  nitrogen  may  have  produced  misleading  results  because: 
although  larger  pulses  can  be  obtained  from  a  given  scintillant  by 
driving  off  the  dissolved  oxygen,  the  behavior  of  the  scintillant  is 
not  as  reproducible  ixnless  care  is  taken  to  handle  ic  under  a  nitrogen 
atmosphere,  in  filling  the  containers,  etc.  Because  of  this,  many 
experiments  of  a.  comparative  nature  ai'e  performed  using  air-saturated 
scintillant  (i.e.,  no  steps  are  taken  to  remove  oxygen).  Although  the 
pulses  are  smaller,  the  performance  is  said  to  be  more  reproducible. 

6.5  TANK 

The  tank  (Figure  29)  was  cylindrical,  85  inches  high  with  a  mean  diam¬ 
eter  of  92-5/8  inches.  It  was  constructed  of  Douglas  Fir  to  minimize 
scattering,  and  the  inside  was  lined  with  Fiberglass,  to  permit  de¬ 
contamination.  Tlie  water  level  was  maintained  at  80  inches  from  the 
bottom,  giving  a  usable  volume  of  8.854  x  10^  cubic  centimeters.  The 
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Figure  29.  2500  Gallon  Tank  for  Study  of  Volume  Distributed  Gamma  Sources. 

Constructed  of  Douglas  fir  and  lined  with  fiberglass,  the  tank  is  approxi¬ 
mately  8  feet  high  by  8  feet  in  diameter  and  contained  2300  gallons  of  the 
test  solutions.  The  photopeak  count  rate  with  Ra24  jjj  the  tank  (ganoa 
energies  of  1.37  and  2.75  Hev)  is  only  about  2^  less  than  the  count  rats 
that  would  be  obtained  with  the  detector  in  a  aclution  of  the  same  oo»- 
position  but  of  Infinite  volume. 
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waterproof  probe  was  suapanded  in  the  tank,  with  the  canter  of  the 
scintillator  40  inches  from  the  bottom  of  the  tank  (Figure  30). 

5.6  INsSTRUIlENTATION 

All  spectra  were  taken  with  a  Radiation  Counter  Laboratories,  Inc. 

Model  20611,  256-channel  pulse  height  analyzer  (Figure  31 )•  pro¬ 
vided  a  cathode-ray  tube  presentation  of  the  accumulating  spectrum 
for  monitoring  purposes,  a  strip  chart  recorder,  and  a  digital  printer. 
It  can  store  a  maximum  of  2^^  -  1  or  65,535  counts  in  each  channel,  and 
can  handle  approximately  10^  counts  per  second  without  data  distortion. 

The  linearity  of  the  analyzer  is  ^0.5  percent  of  full  scale,  except 
for  the  first  5  channels. 

The  "dead  time"  is  somewhat  less  than  (20  +  0,5  N)  microseconds,  where 
N  is  the  niimber  of  channels  in  which  a  pulse  is  stored.  However,  the 
analyzer  has  a  "live-time"  indicator,  which  will  count  time  only  when 
the  input  gating  circuits  are  accepting  pulses,  making  a  dead-time 
correction  of  the  data  unnecessary. 

6.7  ENERGl'  CALIBRATION 

The  detectors  were  calibrated  for  energy  response  before  each  measure¬ 
ment  in  the  tank,  using  at  least  three  test  sources  with  ccnvenient 
energies  (mercury-203  *  0.279  Mev,  cesium-137  =  0.662  Mev  and  yttrium- 
88  =  0.91  Mev  and  1,85  Mev).  Since  separate  energy  calibrations  were 
run  for  each  measurement,  no  attempt  was  made  to  keep  the  same  ampli¬ 
fier  gain  settings  and  photomultiplier  high  voltage. 
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^•°  ISOTOPE  MIXING 

wnen  using  cblorine-jB  or  sodium-24,  the  isotope  was  dissolved  in 
?00  ml  of  water.  From  this,  a  10  ml  sample  was  placed  in  a  25  ml 
volumetric  flask,  which  was  placed  in  a  50  ml  beaker.  The  beaker  was 
then  placed  directly  on  top  of  the  3'“inoh  well  type  crystal  to  deter¬ 
mine  its  specific  activity  as  described  in  the  next  part. 

The  remaining  2990  ml  were  poured  into  the  tank  and  mixed.  The  tank 
bottom  was  equipped  with  a  compressed  air  line  with  a  number  of  small 
air  holes  to  permit  violent  bubbling  of  the  contents. 


It  is  estimated  that  uniform  mixing  occurred  within  1  to  2  minutes  of 
bubbling.  To  verify  this,  after  an  experiment  using  the  muriate  of 
potash  the  tank  was  allowed  to  mix  for  approximately  an  hour,  and  th 
experiment  was  repeated  v/ithout  significant  change  in  counting  rates. 
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The  source  strengths  of  samples  introduced  into  the  tank  were  measured 
by  placing  a  10  ml  sample  on  top  of  the  three-inch  well  type  crystal. 
The  10  ml  sample  was  contained  in  a  25  ol  volumetric  flask  (which  in 
turn  was  placed  in  a  250  ml  beaker  to  avoid  contaminating  the  crystal 
in  case  of  spills).  This  geometry  w^^s  used  for  sodium-24  and  chlorine- 
38  strength  determinations. 

To  relate  the  photopeak  areas  of  the  above  measurements  to  the  source 
strength,  the  3  by  5  inch  Nal  crystal  was  calibrated  using  a  set  of 
standard  sources  (Ref.  25)  and  a  source  to  detectordistance  of  5«11  co. 
The  absolute  photopeak  efficiency  (^^-O.)  of  the  crystal  was  determined 
as  a  fimction  of  gansoa  energy  with  the  following  standcird  sources: 


Isotope 

Energy 

Source  Strength 

Cobalt -57 

0.123  Mev 

1480  ^’s/sec 

Sodium-22 

0.511  Mev 

2060  y^’s/sec 

Cesium-137 

0.662  Mev 

3030  /’s/sec 

Mangane8e-54 

0.840  Mev 

3140  '/'s/aec 

Cobalt -60 

1.17  Mev 

2240  /'s/sec 

Sodium-22 

1.28  Mev 

1150  s/sec 

Cobalt-60 

1.35  Mev 

2240  /’s/sec 

In  actdition  to  these  ’’absolute"  points,  spectra  of  yttrium-SS  and 
sodium-24  sources  were  taken  also  5.11  cm,  distance,  to  give  two  more 
pairs  of  "relative"  efficiency  points,  which  were  then  fitted  to  the 
absolute  efficiency  curve  (Figure  32). 
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The  effect  of  the  (0,0l8)  stainless  steel  cover  of  the  5x5  inch 
cryst?.t.  tho  l/lfi  Inch  layer  of  alominum  cxide,  and  the  1/2  inch  di¬ 
ameter,  7/16  inch  long  Incite  rod  (part  of  the  standard  source)  cn 
the  photopeak  ejroa  weie  measured  using  sources  evaporated  on  mylar 
film  at  a  distance  of  5<>11  cm  with  and  without  a  dummy  absorber  aoid 
plastic  rod.  The  reduction  in  photopeak  area  varied  from  l4  percent 
at  190  Kev  to  8.5  percent  at  I.85  MeVo  The  curve  showing  percent 
transmission  vs.  energy  is  shown  in  Figure  55* 

The  phC'topeak  areas  were  further  corrected  for  coincidence  sumeing, 
since  for  sources  which  emit  two  or  more  photora,  certain  j.umber  of 
counts  which  normally  fall  in  one  photopeah  are  lost  because  they  axe 
detected  simultaneously  with  a  photon  of  another  gamma  ener®-. 

This  "sxim'*  peak  also  has  an  accompanying  Comptsn  distribution,  i.e., 
peak  counts  of  energy  1  in  coincidence  with  Coapton  counts  of  energy 
2,  etc. 

The  correction  term 

Let  f(y-) 
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is  obtained  as  follows: 

be  the  probability  of  datocting  a  gamma 
ray  of  energy  (i)  in  tie  photopeak, 

be  the  source  strength  in  dist/eec,, 

be  the  photopeak  efficiency  of  the  detec¬ 
tor  for  ^  ^ , 

be  the  total  efficiency  for  the  detection 
of  Y 

be  the  solid  angl )  subtended  by  the  de¬ 
tector, 

be  the  fraction  oi  gamma  rays  per  dis¬ 
integration, 

be  the  namber  of  gamma  rays 
dence  with 
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A  be  the  fraction  of  yi  transmitted 
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That  is,  the  number  of  counts  in  peak  (  y  _,  )  will  be  the  product  of 
the  source  strength  and  the  photopeak  efficiency,  minus  the  number 
which  are  lost  due  to  summing.  The  number  lost  is,  in  burn,  equal 
to  the  source  strength  times  the  probability  of  detecting  a  count 
in  the  peak  times  the  probability  of  simultaneously  detecting  a  pho¬ 
ton  of  energy  Y ^  peak  or  Compton).  Hence  the  total  effi¬ 
ciency  for  y'  used.  The  total  efficiency  was  obtained  from 

R.  L.  Heath  (Ref.  26). 

The  source  strength  is  now  given  by: 

5-.  _ PT/^J _ 

^1  A  I  r^'y£> -^)-V  1 

r,  /i. 

The  correction  term: 

lY  I  -  A  t- ,.i_  (ej -Cl  )  1 

was  &■  plied  to  all  isotopes  which  had  ga'nma  rays  in  coincidence  = 

These  were  cobalt-60,  yttriuir.-88,  sodium-24,  chlorine-38,  and  indixm- 
Il4  metastable.  The  data  are  plotted  in  Figure  32. 

The  absolute  efficiency  curve  for  the  3x3  inch  Nal(Tl)  crystal  was 
plotted,  for  source  to  detector  distance  of.  5»11  cm  and  is  shown  in 
Figure  32. 
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TH#  fioupftfi  of  ?.  ’’point’*  source  of  sodiu£n~24  end  chlorins~38 

wAn  then  deteminsd  usiii^  the  ebovc  e^x'icifcncy  curve.  The  point  nourcc 
was  then  dissolved  in  a  10  ml  solution,  and  placed  in  the  standard 
geometry  used  for  all  source  strength  determinations,  giving  the  pho¬ 
topeak  area  in  this  geometry  as  a  function  of  source  strength  deter¬ 
mined  at  5* 11  cm. 


The  source  strength  of  the  potas-sium-^O  sample  was  determined  by  chem¬ 
ical  analysis  of  the  potassium  chloride. 


Since  the  sodium-24  and  c'alorine-58  samples  were  decaying  while  fflisasure- 
menta  of  the  source  strength  was  being  performed,  the  actual  measured 
spectrum  corresponded  to  an  average  source  strength  in  the  tank  be¬ 
tween  the  time^  t  =  0  and  t  3  t,  during  which  the  measurements  v’ere 
made,  ^inc®  radioactive  substances  follow  the  decay  law; 
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This  decay  correction  was  made  and  the  source  strength  was  determined 
for  t  =  0. 


TREATMEOT  OF  DATA 

The  data  as  presented  by  the  256-chanael  analyzer  were  histograms  of 
the  number  of  counts  in  the  energy  intervale  defined  by  the  channel 
boundaries.  These  data  were  converted  to  counting  rates  N(chan)  by 
dividing  by  the  live  time  of  the  analyrer  for  the  particulau:  run.  An 
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energy  versus  channel  number  calibration  curve  was  obtained  for  each 
run  from  the  spectra  of  a  series  of  isotopes  with  gamma  rays  of  known 
energy.  This  relationship  was  lintai*  and  described  by  the  equation: 

E  =  a( channel  niuaber)  +  b 

where  a  is  the  channel  width  and  b  is  the  calibration  constant 


From  this  information  a  plot  was  made  of  the  counting  rate  per  unit 
energy  N(E)  as  a  function  of  the  en*;rgy.  To  get  nCeJ  from  N(chan) 
divide  N(ehan)  by  the  parameter  a  of  the  energy  vs.  channel  number 
relationship.  This  relation  may  be  derived  as  follows: 
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where  n(e!)  is  the  average  coxmting  rate  in  the  energy  interval. 


Since  the  source  strengths  varied  from  run  to  run,  the  results  were 

-6 

normalized  to  an  arbitrary  value  of  10  /<c/ml  for  the  chlorine-58 

-7 

and  sodium-24  data  and  the  averaige  sea  water  activity  of  5«5  x  10 
y4<c/ml  for  the  pdta8Bium-40  data  in  order  to  be  able  to  compare  the 
results.  These  are  the  curves  which  are  plotted  as  file  differential 
spectra.  To  obtain  the  integral  spectra  the  total  number  of  counts 
above  a  given  energy  was  determined  by  sumir.ing  the  differential  curves 
and  the  results  were  plotted  as  functions  of  the  energy. 


Just  as  in  the  case  of  the  source  strength  determination,  the  spectra 
of  sodium-24  aind  chlorine-38  decay  correction  had  to  be  made.  Since 
radioactive  substances  decay  as; 
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the  average  activity  In  the  tauok  between  the  times  t^  and  during 
which  the  measurements  were  made  was: 
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where  t  »  t,  -  t^  ia  the  counting  interval.  Time  t  =  0  was  the  time 
at  the  beginning  of  the  determination  of  the  source  strength  for  which 
the  initial  source  strength  was  calculated.  (U) 


7.2  SPECTRA 

The  results  of  the  experiment  are  summarized  in  the  differential  and 

integral  spectra  shown  in  Figures  354  to  45.  Spectra  were  obtained  for 

volume  distributed  soiurces  of  pota8si:im“40 ,  aodium-24  amd  chlorine-38. 

The  sodium-24  and  chlorine-58  sources  were  normalized  to  a  specific 

activity  of  10*^  and  the  pota3sium-40  was  normalized  to  3.3 

•"7 

X  10  y/c/ml  (which  is  the  average  pota8sium-40  activity  in  sea  water).  (U] 
Spectra  were  obtained  for  2,  3  and  5  inch  Nal  crystals  and  3  inch  and 

s' 

5  inch  Pilot  B  plastic  phosphors.  From  these  spectra,  composite  spectra 
^  can  be  obtained  which  give  the  spectra  which  would  result  from  various 

values  of  neutron  leakage  flux  and  at  various  times  after  the  passage  of 
the  submarine.  Different  sizes  were  chosen  so  as  to  show  the  relative 
effects  of  varying  the  dimenpions  of  the  detector.  (C) 

I  The  change  in  spectral  shape mlh time  of  the  induced  activities  of 

;  BOdium-24  and  chlorine-38  is  shown  in  Figure  46.  The  chlorine-38  and 

sodium-24  spectra  sure  combined  at  t  «  0  in  the  ratio  of  7.4  to  1  which 
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the  decay  rates  of  the  chlorina-Jd  (half  life  57  nin«.)  and  sodiuffi-54 
(half  life  15  hr.).  The  component  spectra  together  with  the  sura 
spect.rua  at  t  =  0  and  t  =  5  hr.  are  shown  in  Figures  47  and  4^  which 
show  the  relative  contributions  due  to  the  sodium-24  and  chlorine-5>j 
at  these  times.  (C) 


In  Figures  49  to  53  the  sodium-24  and  chlorine-36  spectra  are  combined 
with  the  spectrum  of  potas3ium-40  for  the  activities  predicted  for 
various  values  of  neutron  leakage  flux;  These  spectra  give  the  ex¬ 
pected  spectral  shape  in  sea  water  immediately  after  the  passage  of 
the  subraarine.  These  are  spectra  only  of  the  activities  present  in 
sea  water,  other  backgroxmd  activities  are  not  included.  The  initial 
sodium-24  and  chlorine-58  activities  were  obtained  from  the  analysis 
giver  in  the  previous  section  and  correspor  i  to  a  hull  area  of  600 
square  feet  and  a  submarine  speed  of  20  knots.  The  neutron  leakage 
fluxes  which  were  used  together  with  the  resulting  activities  are 
listed  in  Table  8.  (C) 

COUNTING  EFFICIENCY  FOR  VOLUME  DISTRIBUTEE  SOURCES 
n.  The  counting  rate  in  a  detector  from  volume  distributed  sources 
arises  from  gamma  rays  of  two  origins.  First,  the  primary  ganima 
rays  which  are  a  direct  result  of  the  decay,  and  second,  the  build¬ 
up  gamma  rays  which  result  from  multiple  scattering  of  the  primary 
gamma  rays  by  the  medium.  (U) 


If  one  neglects  the  contribu«-ion  from  the  buildup,  the  counting 
rate  due  to  the  primary  gamma  rays  can  be  easily  estimated.  Let 
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the  <ietev~tor  be  considered  a  sphere  of  radius  r  with  total  dc^ 

o 

tection  efficiency  for  the  primary  gamma  ray.  Let  the  specific 

the  detector  efficiency  be  n, 

activity  of  the  source  be  NAand  the  total  absorption  coefficient 
of  the  medium  be  Then  the  fraction  of  the  gasssa  rays  which 

are  radiated  by  the  volume  clement  da 'dr  in  the  solid  angle  sub” 
tended  by  the  detector  is  approximately s 
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where  A  is  the  surface  area  of  the  detector.  Thus  the  total  num¬ 
ber  of  gamma  rays  detected  per  second  from  an  infinite  volume  is: 
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If  the  volume  of  the  active  medium  is  finite  and  is  a  sphere  of 


radius  R  then  the  counting  rate  Hp^  would  be: 

H/4 

If  we  take  R  inches,  which  is  the  closest  distance  from 

the  detector  to  the  outside  of  our  tank  we  have  that; 

t 

^ fK  ~  ‘in(  tifS  ~  100  cm 

Tq  ^  6  cm 

for  the  2.75  Mev  gamma  ray  of  sodium-2h.  Thus  ws  see  that  our  tank 
was  equivalent  to  an  Infinite  volume  to  better  then  two  percent  for 
the  highest  energy  gamma  ray  used  in  our  experiment.  For  the  other 
gamma  rays  (  ^  2.1^  Mev)  the  error  was  less  than  one  percent. 
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b.  la  order  to  compare  the  relative  efficiencies  of  the  varioxis  de¬ 
tectors  we  see  that  if  is  the  linear  absorption  coefficient  of 
the  detector,  the  incident  gemma  ray  flux,  and  I  the  flux  of 
guijma  rays  which  pass  throigh  the  detector,  then  the  detector  ef¬ 
ficiency  71  is  given  by: 


where  d  is  the  diameter  of  the  detector  which  is  assumed  to  be  a 
sphere.  Also  the  gaomr  rays  are  assumed  to  arrive  normal  to  the 
detector  surface.  For  values  of  d  such  that  1,  7?  ^  1. 

Tor  values  of  d  such  that  .>d«.  1,  e  ^  1  -  ^  d  andTlF/^d. 

Making  use  of  the  equation  for  the_ detector  counting  rate  we  see 
that  fo.  d  -arge  ve  <<  1),  is  proportional  to  the  area;  while, 
for  d  oaall  ( «  1 )  *  is  proportional  to  the  volume.  This 

is  reasonable  for  it  states  that  if  the  detector  is  large  compared 
with  the  mean  free  path  of  the  gamma  ray  (i.e,  1),  then 

all  of  the  incident  gamma  rays  are  counted  and  their  number  depends 
on  the  surface  area.  On  the  other  hand  if  the  crystal  is  small 
compared  with  the  mean  free  path  (  /Id  «1)  then  the  number  ab¬ 
sorbed  depends  only  on  the  volume  of  absorbing  material. 

The  linear  absorption  coefficient  as  a  function  of  energy  is  plot¬ 
ted  in  Figure  5^  and  Nal(Tl)  and  in  Figure  55  for  the  Pilot  B 
plastic  phosphor.  To  delineate  the  regions  for  which  the  crystal 
area  and  crystal  volume  are  important  for  phosphors  of  veurious 
sizes  and  types,  values  of  constant  as  furctions  of  energy 
and  phosphor  diameter  are  shown  in  Figvires  56  and  57.  The  values 
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of  ^d  chosen  were  yU  i  *  0«4  which  ;»lTe6  the  counting  rate  aa  j 

proportional  to  the  volume  within  10  peroanc  and  =2,3  for  | 

i 

which  the  counting  rate  is  within  10  percent  proportional  to  the 
area.  Also  indicated  on  the  curvee  are  the  values  of  d  oorre- 

I 

J 

spondln.f:  to  the  mean  diameters  of  the  oiyntals  used  in  the  testa,  i 


Aa  can  be  seen,  for  not  too  large  er.  - '  -J  to,  all  of  the  Nal  crys¬ 
tals  fall  vfitbin  or  near  the  region  of  area  dependence,  while 
the  plastic  phosphors  fall  in  the  region  where  no  prediction  c  i 
be  made. 


The  relative  efficiencies  of  Hal(Tl)  and  plastic  phosphors 
for  integral  oounting  above  250  kev  are  plotted  in  Figure  53 


as  a  function  of  the  detector  area.  All  of  the  efficiencies 


are  referred  to  the  5x4  inch  crystal.  Comparative  tests  are 
being  made  vrlth  larger  plastic  phosphors  and  with  a  liquid 
seintillant  in  verious  size  conteiners.  Discussion  of  Figure 
58  vrlll  be  deferred  until  the  new  data  become  available. 
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OBJSCTrvE 

vrie  objective  of  chis  section  ia  to  present  a  sumnaury  of  the  chemical 
meauoa  by  which  radioactivity  artificially  Induced  into  sea  water  may 
be  concentrated  for  detection*  An  analysis  of  the  principle  con¬ 
stituents  of  sea  water  will  be  made  in  order  to  establish  the  most 
practical  medium  on  which  to  detect.  Further,  am  evaluation  is  to 
be  made  of  methods  believed  to  warrant  exploratory  laboratory  inves¬ 
tigation  from  which  basic  data  for  firm  engineering  and  cost  esti¬ 
mates  may  be  made. 


VAFOBIZATION  TECHNIQUES 
INTRODtJCTION 


The  process  of  transferring  water  molecules  from  the  liquid  phare  to 
the  vapor  phase  is  called  vaporization.  A  direct  method  for  the  coa- 
centration  and  recovery  of  the  solids  dissolved  in  sea  water  is  by 
removal  of  the  water  through  vaporize; ion— since  the  dissolved  solids 
are  non-volatile  at  the  vaporization  temperature  of  water,  they  re¬ 
main  behind  and  can  be  recovered.  The  recovery  of  dissolved  solids 
from  sea  water  by  vaporization  techniques  is  basically  a  problem  of 
supplying  the  latent  heat  of  vaporl25ation  to  the  flxild  and  of  pro¬ 
viding  means  for  recovery  of  the  solids.  This  is  sm  old  concept  amd 
is  reflected  in  the  variety  of  equipment  which  is  in  use  for  this 
purpose  today.  Information  and  requirements  data  for  vaporization 
processes  for  the  concentration  of  solids  dissolved  in  sea  water  are 
presented  in  the  following  pages. 

EVAPORATORS 

Evaporators  are  Intended  to  concentrate  the  induced  radioactivity  in 
sea  water  by  evaporation  to  a  concentrated  solution. 
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2.2.1  BACKQkOUiiD  i 

Since  the  task  tc  be  performed  is  that  of  concentrating  a  solution  by 
evaporating  part  or  all  of  tae  water,  the  basic  theiroodynamic  require¬ 
ments  for  energy  input  will  be  the  same  for  a  given  set  of  boundary 
conditions  (the  dissolved  solids  specific  activity,  dissolved  solids 
content,  and  sample  size),  so  that  the  preliminary  development  of 
this  technique  for  our  purposes  is  of  necessity  based  on  the  operation¬ 
al  characteristics  and  costs  of  the  different  kinds  of  equipment 
available  for  performing  this  operation.  This  assumes  that  the  qtian- 
tity  of  energy  required  for  the  evaporation  of  one  pound  of  water  is 
approximately  the  -ame  for  ail  conventional  evaporators  having  the 
same  number  of  stages.  This  is  a  valid  asstimption,  accuiate  to  with¬ 
in  a  few  percent  for  a  given  set  of  boundary  conditions. 

2.2.2  TYPES  (Bef.  1) 

2.2.2. 1  SINGLE  EFFECT 

A  single  effect  evaporator  is  essentially  a  fluid  container  with  a 
means  for  adding  heat  energy  to  the  fluid  and  for  removing  the  vapor* 
These  are  arbitrarily  classified  Eist 

a.  Apparatus  using  solar  heat 

b.  Apparatus  heated  by  direct  fire 

c.  Apparatus  with  heating  medium  in  the  Jacket 

d.  Steam  heated  evaporators  with  tubular  heating  surfaces 

e.  Miscellaneous 

The  mechanical  construction  of  single  effect  evaporators  is  quite 
varied.  Typical  mechanical  features  and  costs  are  illustrated  in 
the  literature  (Befs.  2,  3,  5)*  - 
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!  2.2. 2. 2  MULTIPLE  E57BCT 

I 

I  Multi  Die  effect  eYaporators  coneist  of  a  aeries  of  evaporator  bodies 

! 

I  so  constructed  that  the  vapor  from  one  body  is  the  heating  medium  for 

tht  next.  The  rurpose  of  a  multiple  effect  evaporator  is  to  reduce  the 
'  energy  consumption  for  a  given  amount  of  evaporation. 

If  it  is  assumed  that  the  terminal  tempsx'stures  are  the  same  for  both 

I 

single  and  multiple  effect  evaporator  operations,  then  mnslng  from  a 
single  effect  evaporator  to  a  multiple  effect  evaporator  does  not  in- 

f 

crease  the  capacity  of  an  evaporator  but  it  does  (theoretically)  in¬ 
crease  the  actual  pounds  of  water  evaporated  per  uxiit  of  energy  input 
by  a  factor  equal  to  the  number  of  stages.  Hence,  passing  from  single 
effect  to  multiple  effect  evaporation  techniques  decreases  energy  cost 
but  increases  apparatus  cost.  The  optimum  number  of  stages  to  be  used 
must  be  determined  for  each  application. 

2. 2. 2. 3  MISCELUNBOUS 

Several  novel  schemes  and  equipment  configurations  are  itemized  below 

(Refo  5)j 

a.  Centrifugal  vapor  compression 

b.  Supercritical  pressure  dlstillacion 

c.  Flash  distillation  technique 

The  equipment  called  for  in  these  schemes  falls  into  the  category  of 
single  effect  evaporators.  Th?  items  are  in  a  preliminary  state  of 
development  and  were  not  considered  suitable  for  further  evaluation 
at  this  time. 
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The  U0P  or  M  wuj.tipx«  c^xvci  evaporator  appears  zo  os  ussuxtaoie  aue  to 
the  lengtl^  ''in  prooea*”  tine  and  "nixing"  which  occurs  in  the  differ¬ 
ent  effectiu  These  factors  would  present  problems  of  dilution  and 
response  during  a  "search.''  Further  evaluation  will  therefore  be 
limited  to  cons. deration  of  evaporative  methods  which  are  capable  of 
a  short  response  tir4e  of  one  minute  or  less.  Such  methods  should 
assure  that  the  amount  of  materiel  "in  process"  will  always  be  at  a 
minimum. 


2.2.3 


PEPFORMANCE  CRITERIA 

The  following  scheme  proposes  that  a  sea  water  sample  be  concentrated 
by  evaporation  to  the  point  of  solids  saturation  solubility.  Such  a 
method  would  have  the  advantage  of  complete  liquid  phase  operation. 
The  saturation  solubilities  for  the  major  constituents  dissolved  in 
sea  water  at  20  degrees  centigrade  are  as  follows  (Ref.  6): 

Component  (Solubility  in  Water  (Qrams/100  grams  water) 

NaCl  33 *7  (85  percent  of  toted) 

KCl  3^.7  (10  percent  of  total) 

MgCl  35.5  (Slight) 

CaCl-  59.5  (Slight) 
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Since  the  sodium  chloride  constitutes  the  preponderance  of  the  dis¬ 
solved  solids,  for  the  purpose  of  this  evaluation  the  saturation  sol¬ 
ubility  for  all  solids  dissolved  in  sea  water  at  20°  C  was  taken  as 
33.6  grams  of  dissolved  solids  per  100  grams  of  water.  On  this  basis 
therefore,  the  quantity  of  water  required  to  be  evaporated  in  order 
to  produce  the  required  amount  of  "concentrate"  for  200  counts  per 
minute  at  a  given  scdiua-24  and  chlorine-38  activity  and  at  a  given 
detector  efficiency  can  be  obtained  directly  from  Figure  1. 
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2, 2. 3.1  SYSTEM  CONSIDERATIONS 


I 

i 


Computed  system  requirements  for  200  counts  in  3t  and  10  minutes 
are  tabuLated  in  Table  1  and  plotted  in  Figure  2  (50  percent  confi¬ 
dence  level).  Concentrating  to  a  satxirated  solution  gives  a  weight 
basis  concentration  ratio  of  7*^  and  a  volume  basis  concentration 
ratio  of  9. 75* 

This  evaluation  was  based  on  computed  detector  efficiencies  for  the 
characteristic  gamma  emitted  from  sodiiuB-24  and  chlorine-38>  The  de¬ 
tector  efficiency  was  based  on  the  linear  absorption  coefficient  in 
we.cer  at  the  full  gamma  energy* 

2.2.3.2  EQUIPMENT  CONSIDERATIONS 

The  following  recommendation  for  equipment  is  based  on  two  premises: 

a.  Response  time  (material  in  process)  to  be  held  to  a  minimum-- 
this  in  order  to  eliminate  the  "mixing”  or  "dilution"  of 
samples  during  operation. 

b.  Equipment  to  be  of  standard  type  insofeur  as  standard  indi¬ 
cates  that  a  considerable  history  of  experience  exists  for 
the  item  imder  consideration— this  in  order  to  eliminate  at 
this  time  all  intuitive  and  unproven  schemes. 

2.2. 3.3  EQUIPMENT  RECWWENDATIONS 

On  the  basis  of  the  preceding  discussion,  the  type  of  equipment  rec¬ 
ommended  for  the  evaporation  £uid  concentration  of  sea  water  to  a 
saturated  solution  is  a  Long-Tube  Evapora  r  using  forced  circulation 
(Refs.  7y  8).  The  configuration  may  be  either  vertical  or  horizontal. 
The  use  of  a  circulating  pump  in  this  configxiration  minimizes  scale 
formation  by  maintaining  a  high  liquid  velocity  over  the  heat  trans¬ 
fer  surface. 
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2.2.3.^  SCALE  FORMATION 

I.'a  concentrating  solutions  such  as  sodium  chloride,  which  have  a  solu¬ 
bility  curve  showing  a  very  slight  increase  in  solubility  with  temp¬ 
erature,  the  phenomenon  of  salting  occurs  (Ref.  l).  A  growth  of 
crystals  on  the  heating  surface  occurs  which  results  in  decreasing 
the  heat  transfer  coefficient  and  consequently  decreases  the  evapora¬ 
tor  capacity.  It  is  usually  found  that  the  beginning  of  salting 
occurs  at  a  time  when  there  has  been  some  marked  irregularity  in  the 
operation  of  the  evaporator  such  as  a  decrease  in  steam  pressure,  in¬ 
crease  in  the  boiling  point,  stoppage  of  circulation  or  any  other 
factor  that  may  cause  a  temporary  decrease  in  boiling  rate. 

Scale  formation  may  be  minimized  by  maintaining  a  high  liquid  velocity 
across  the  heat  transfer  surface.  Such  action  will  prevent  super¬ 
heating  the  liquid  and  consequently  will  minimize  scale  formation. 

2.2.4  CONCLUSIONS  AND  RECOMMENDATIONS 

The  detection  of  activity  in  sea  water  by  evaporation  of  the  sea  water 

to  a  concentrated  solution  appears  feasible  for  counting  times  of  five 

-9 

minutes  or  longer  (200  counts)  at  activity  levels  of  10  microcuries 

per  milliliter  or  higher.  For  a  counting  time  of  10  minutes  or  greater 

-10 

(200  counts)  the  detection  of  activity  levels  of  the  order  of  10 
microcuries  per  milliliter  appears  possible. 

It  is  recommended  that  experimental  work  be  cau'ried  out  to  establish 
the  efficiency  with  which  gainma  radlatbn  emaxiatixig  from  a  saturated 
saline  solution  containing  sodium-24  and  chlorine-38  can  be  detected 
using  a  sodium  iodide  crystal  in  order  to  establish  the  mass  absorption 
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coefficients  for  saturated  saline  solutions.  This  information  ia 
required  in  order  to  establish  the  necessary  design  parameters  for 
a  working  system. 

SPRAY  DRIERS 

Spray  driers  are  intended  to  concentrate  the  induced  radioactivity 
in  sea  wa^'er  by  evaporation  to  dry  solids. 

BACKGROUND  (Ref.  9) 

Spray  drying  is  an  evaporative  method  of  concentrating  solids  in  which 
a  solution  capable  of  being  pumped  or  a  suspensxon  is  sprayed  into  a 
stream  of  the  drying  medium— usually  heated  air.  The  large  specific 
surface  area  of  the  small  droplets  allows  the  solvent  to  evaporate 
quickly,  leaving  a  dry  product  in  the  fora  of  a  powder. 

One  of  the  basic  characteristics  of  spray-drying  is  the  extremely 
short  "in  process”  (or  retention)  time  for  the  material  in  question? 
the  usual  time  interval  during  which  the  material  ia  "in  process” 
being  ZO  seconds  or  less.  Because  of  this  extremely  short  process 
time  and  fundamentally  continuous  mode  of  operation,  the  spray-drying 
technique  h'ls  been  chosen  as  the  one  offering  the  most  potential  for 
the  evaporative-type  concentration  of  the  solids  contained  in  sea 
water. 

The  essential  components  of  a  spray-drier  are: 

So  Means  of  fluid  dispersion, 

b.  Contact  of  fluid  spray  and  drying  medium. 

c.  Recovery  of  the  dried  product. 

BAC  '.546  I  R3 
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2.5. 1.1  DISPERSION 

The  fluid  may  be  diaperaed  (sprayed)  by  pressure  noiiles  or  by  cen¬ 
trifugal  disc  atomizers.  In  pressiire  nozzles  the  dispersion  is  ob¬ 
tained  by  forcing  the  fluid  through  a  very  small  orifice  at  a  hij^ 
velocity.  Centrifugal  disc  atomizers  disperse  liquids  by  causing 
them  to  become  extended  on  a  rapidly  rotating  disc  into  thin  sheets 
which  are  discharged  into  the  surroimding  hot  gases  at  high  speeds 
from  the  periphery  of  the  disc. 

2. 5. 1.2  CONTACT 

Contact  between  fluid  spray  and  drying  medium  is  usually  accomplished 
in  a  chaunber,  the  size  and  shape  of  which  depends  upon  the  spray 
shape,  particle  velocity,  and  drying  time.  The  hot  gas  drying  medium 
(up  to  1400®F)  may  be  the  product  of  combustion  fromftSil,  gas,  or 
coal-fired  furnaces.  The  maximum  usable  temperature  is  dependent  on 
the  thermal  stability  of  the  material  being  dried. 


2. 3.1.?  RECOVERY 

The  dried  product  is  customarily  recovered  as  a  powder  continuously 
from  the  bottom  of  the  spray  chamber.  If  the  dried  material  is 
cairried  along  with  the  exit  gaises  it  may  be  recovered  in  a  "cyclone’* 
(centrifugal)  solids  separator. 


Spray-drying  has  been  successfully  applied  on  an  industrial  scale 
to  the  drying  of  such  items  as  inorganic  salt  solutions,  organic 
compoiuds  having  temperature  sensitivity,  eggs,  skim  milk,  detergents 
(powders),  and  coffee.  Spray  drying  technology  is  well  developed 
and  widely  applied  in  the  chemical  process  Industries. 
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I  I  Operating  data  reported  in  the  literature  were  used  to  escabllsh  a 

I  . 

i  )  preiimixiary  value  for  the  evaporative  capacity  of  a  typical  unit 

•  I 

j  volume  in  a  spray-drier  (Ref.  10): 


Dryer 

Evaporative 

Diameter 

Percent  Solids 

Rate  in  Poimds 

Inlet  Gas 

Material 

in  Feet 

in  Feed 

per  Hour 

Temperature 

Inorganic 

Salt 

18 

25 

7800 

900«F 

A  representative  value  for  the  evaporative  rate  per  cubic  foot  of 
drier  volume  may  be  calculated  assuming  the  drier  height  equal  to 
the  diameter.  From  our  example  above,  the  volume  of  the  18  foot 
diameter  drier  is  4600  cubic  feet  and  the  evaporative  rate  based  on 
the  above  figures  is  1.;?  pounds  of  water  per  cubic  foot  of  volume. 


1 


2.3.2  PERFORMANCE  CRITERIA 

2. 3. 2.1  SYSTEM  CONSIDERATIONS 

System  requirements  for  200  coimts  in  1,  5t  iO  minutes  were  not 
computed  because  detector  efficiencies  for  the  transmisaion  of  gamma 
radiation  through  dried  sea  water  solids  (and  detection  with  a  sod¬ 
ium  crystal)  are  not  available  at  this  time.  This  computation  is 
pending  availability  of  the  above  data. 

2. 3. 2. 2  EQUIPMENT  CONSIDERATIONS 

The  evaporation  of  sea  water  to  dried  solids  by  means  of  continuous 
spray-drying  techniques  is  techaaically  feasible.  Data  exists  for  the 
design  of  these  units  and  there  is  no  question  that  such  a  unit 
could  be  obtained  or  a  guaranteed  perfornumce  basis.  (See  Figure  3)* 

I 

I 

i 
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I  2.3.3  CONCLUSIONS  AND  RECCWMENDATIONS 

I 

j  Based  on  the  dissolved  solids  content  of  33  grams  total  salts  per 

I  kilograffi  of  sea  water  (solution)  (Hef.  2),  the  weight  ratio  of 

i  solids  concentration  in  dried  solids  to  solids  concentration  in  sea 

water  is  28.5  to  1  while  the  volume  ratio  of  solids  concentration 
in  sea  water  is  59  to  1.  Therefore,  the  maximum  concsntration  ratio 
that  it  is  possible  to  obtain  by  any  method  in  which  the  sea  water 
solids  are  dried  and  recovered  is  28.5  to  1  by  weight  and  59  to  1 

1 

by  voliuae . 

It  is  recommended  that  data  for  efficiency  of  detection  cf  gamma 
radiation  as  a  function  of  sample  size  for  dried  activated  sea  water 
solids  be  obtained  experimentally  in  order  for  system  analysis  to  be 
completed. 


3.  lON-EXCHANCE  TECHNIQUES 

3.1  BACKOROUND  (Ref .  11 ) 

The  mechanism  of  ion-exchemge  in  ion-exchange  resins  is  analogous 
to  the  exchange  of  crystal  lattice  ions.  The  ion-exchange  resins 
may  for  practical  purposes  be  considered  high  molecular  weight  poly¬ 
meric  electrolytes.  It  is  commonly  accepted  that  the  exchange  of 
Ions  with  these  resins  takes  place  throughout  the  whole  general 
structure  of  the  resin  and  is  not  limited  merely  to  the  surface  of 
the  material. 


3.1.1  STRUCTURE  OF  ION-EXCHANGE  RESINS  (Ref.  12) 

An  ion-exchange  resin  can  be  described  simply  as  a  high  molecular 
weight  polymer  containing  ionic  groupings  as  Integral  parts  of  the 
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polymer  structure.  The  pol^/meric  structure  is  so  highly  crosR-=!l inked 
that.  Rolubility  of  th«  materials  is  negligible. 

The  actual  physical  lona  of  this  material  can  be  varied  to  produce 
such  physical  configurations  as  membranes  and  granules*  Recently 
some  work  has  been  done  to  incorporate  ion-exchange  groups  on  cel¬ 
lulose  in  order  to  produce  am  ion-exchange  fabric.  Thus  in  a  broad 
sense,  ion-exchange  resins  aie  high  polymers  which  contain  certain 
reactive  groups  which  give  to  the  material  the  unique  "ion-exchange" 
capability. 


Since  the  "ion-exchange"  capability  is  not  limited  to  the  surface  of 
this  resin  but  theoretically  exists  throughout  the  resin  mass,  it  is 
apparent  that  the  degree  of  cross-linking  of  the  high-polymer  will 
have  an  effect  on  the  rate  of  ion-exchange  as  limited  by  mass-dif¬ 
fusion  rates  through  the  resin.  Decreasing  the  particle  size  of  a 
resin  will  therefore  result  in  less  time  being  required  for  the 
material  to  reach  equilibrium  with  a  solution. 

3.1.2  KINETICS  OF  ION-EXCHANGE 

The  over-all  exchange  process  may  be  divided  into  five  distinct  steps: 

a.  Diffusion  of  ions  through  the  solution  to  the  surface 
of  the  exchange  particles. 

b.  Diffusion  of.  the  ions  through  the  particle. 

c.  Exchange  of  these  ions  with  those  already  on  the  exchanger, 
do  Diffusion  of  the  displaced  ions  through  the  exchanger. 

e.  Diffusion  of  these  latter  ions  through  the  solution. 

It  is  generally  accepted  that  the  over-all  rate  of  the  ion-exchange 
reaction  is  determined  by  diffusion  rate  rather  than  by  the  actual 
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j  exchange  reaction  at  the  elte  (Safe.  13.  14).  Samm  effort  has  been 

I 

j  expended  in  the  pact  in  attempting  to  establlah  concentration  le?sls 

j  at  which  the  different  mechanisma  might  be  expected  to  be  controlling. 

It  haa  been  eetablished  that  (in  general)  at  concentrations  below 
0.003  molar  the  diffusion  of  ions  through  the  solution  film  about 
each  particle  is  considered  to  be  the  rate  determining  process,  while 
I  at  concentrations  above  0.1  molar,  the  diffusion  of  ions  through  the 

I  particle  becomes  the  rate-determining  process.  The  fact  that  both 

diffusional  processes  are  rate-determining  between  0.007  molar  and 
0.1  molar  is  of  importance  since  most  ion-exchange  applications  fall 
within  this  range. 

It  is  reported  that  at  normal  degrees  of  cross-linking  for  commercial 
resins  the  self-diffusion  constants  (diffusion  of  an  ion  within  the 
particle)  are  about  one-tenth  to  one-fifth  the  constant  of  diffusion 
in  free  solution.  However,  by  decreasing  the  cross-linking  of  the 
resin,  the  rate  of  diffusion  may  be  made  to  approach  that  in  free 
solution. 

Summarizing  for  kinetics  '•*  ion-exchange,  the  rate  of  diffusion  of  an 
ion  within  an  ion-exchange  resin  particle  is  dependent  upon: 

a.  Degree  of  cross-linking  of  the  resin, 

b.  Ionic  charge  of  the  diffusing  ion. 

c.  Exchange  capacity. 

do  Ionic  compositions  of  the  resin. 

The  fact  that,  in  general,  rates  of  exchange  is  ion-exchange  resins 
increase  for  most  conditions  with  decreasing  particle  size  and  in¬ 
creasing  temperature  is  strong  evidence  for  a  particle-diffusion 
t  controlled  process. 
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I  Since  the  selectivity  of  a  resin  for  one  ion  over  another  is  largely 

I 

I  a  function  of  the  size  of  the  ion,  as  the  cross-linkage  decreases 

i 

i  and  the  structures  become  more  porous,  selectivity  decreases.  The 

! 

degree  of  cross-linking  also  has  an  effect  on  the  purely  physical 
properties  of  this  resin.  Resins  with  a  very  low  degree  of  cross- 
,  linking  are  pactically  gels,  becoming  swollen  and  soft  in  water, 

'  Highly  cross-linked  resins  are  soae-what  brittle. 

5. a  PERFORMANCE  CRITERIA 

3.2.1  INTRODUCTION 

This  section  will  confdder  the  following  operational  modes  for  the 

use  of  ion-exchange  techniques  in  the  concentration  and  recovery  of 
sodium-24  and  chlorine-38  activity  from  sea  water; 

a.  Concentrate  activity  on  resir  and  detect  on  resin. 

b.  Concentrate  activity  in  the  regenerating  solution  and 
detect. In  solution, 

c.  Concentrate  activity  in  the  regenerating  solution,  evap¬ 
orate  to  dryness  and  detect  in  the  residue, 

d.  Remove  the  potassium-40  background  and  detect  :■  >. 
water  wicnout  concentration, 

5.2.2  CONCENTRATE  ACTIVITI  ON  RESIN  AND  DETECT  ON  RESIN  (Ref.  16  ^7 , 18) 
Ion-exchange  operations  in  general  have  been  most  successful  when 
used  for  the  treatment  of  solutions  of  relatively  low  concentration- 
generally  on  the  order  of  a  few  parts  per  thousand.  On  this  basis 
sea  water  is  an  extremely  concentrated  solution  containing  approxi¬ 
mately  35  parts  per  thousand  total  dissolved  salts  (Ref,  19).  By 
simple  computation  it  has  been  shown  that  the  volume  concentration 
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ratio  which  it  is  possible  to  obtain  by  this  technique  for  recovery 
oi  chiorine-5o  using  a  modern  high  capacity  ion-exchange  resin  is 
approximately  two«  Results  of  this  computation  are  summarized  in 
Table  2  (Ref.  16). 

It  is  evident  from  a  consideration  of  the  computed  activity  volume 
ratio  (final  column  in  Table  2)  that  there  is  little  or  no  advamtage 
to  be  gained  b^  concentrating  the  chlorine-38  activity  for  solid 
phase  detection  on  a  resin.  Therefore,  this  method  will  not  be  con¬ 
sidered  further.  Approximately  the  same  concentration  ratio  applies 
to  sodium-24  concentration  by  this  technique. 

3.2.3  CONCENTRATE  ACTIVITY  IN  THE  REGENERATING  SOLUTION  AND  DETECT  (Refs. 
16,  17,  18,  19) 

Another  means  of  concentrating  the  activity  content  of  irradiated 
sea  water  by  ion-exchange  is  to  carry  out  the  exchange  step  (thus 
placing  the  desired  ion  on  the  resin)  and  then  to  regenerate  the 
resin.  The  net  result  is  that  the  desired  ion  is  concentrated  in 
the  regenerating  solution.  This  scheme  simply  carries  out  the  gen¬ 
eral  over-all  lon-exchange-regeneratlon  cycle  wherein  the  ion  is  re¬ 
moved  iVom  the  solution  by  the  resin  and  then  eluted  from  l;he  resin— 
the  net  result  being: 

a.  The  ion  originally  in  the  sea  water  is  now  concentrated 
in  the  regenerant  effluent. 

b.  The  exchange  resin  has  been  regenerated  to  its  initial 
state  and  is  once  again  capable  of  taking  the  desired 
ions  from  solution. 

Stated  in  equations:  (for  chloride-ion  exchai^ge) 

OH*  (into  sea  water) 

Cl”  (into  effluent) 

See,  5  22 

I 


Ion-exchange  step: 

Resin - OH  +  Cl”— Cl  + 

Regeneration  step: 

Resin  —  Cl  +  OH  — >■  Cri  + 
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J-/000 


I 


TABLE  2.  Concentration  of  Chlorine-jS  on  High  Capacity  Ion-Exchange  Resin 
(Dowex  I). 


Activity 
Hicrocuries 
per  Milliliter 


Volume  of  Sea 
Water  Sample 
(Liters  per 
Cu«  Ft.) 


Resin  Volume 
Corresponding 
to  Sea  Water 
Seunple 


Activity  Volume 
Concentration 
Ratio:  Resin  to 
Sea  Water 


500/15.9 

7.35 

2.16 

50/1.59 

0.73 

2.16 

5/0.159 

0c073 

2.16 

t 
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five*  Approximately  the  same  concentration  ratio  applies  to  sodiura- 
24  concentration  by  this  technique.  Results  of  these  computations  are 
given  in  Table  3« 


As  indicated  in  Table  3t  activity  volume  concentration  ratio  is  ap¬ 
proximately  five.  This  would  permit  some  gain  in  detector  efficiency. 


3.2.4 


S 


CONCENTRATE  ACTIVITY  IN  THE  REGENERATING  SOLUTION,  EVAPORATE  TO 
DRYNESS  AND  DETECT 

From  work  of  the  proceeding  section,  the  volume  concentration  activ¬ 
ity  ratio  which  it  is  possible  to  obtain  by  eluting  the  exchsmge 
resin  with  10  percent  (weight)  of  sodliun  hydroxide  is  approximately  , 
five.  The  material  balance  for  the  regeneration  step  would  appeeir 
as  shown  in  Figure  4, 


The  ratio  of  chloride  ion  (afterAefore  exchange)  is  obtained  by 
dividing  the  concentration  of  chloride  ion  in  the  stream  out  of  the 
ion-oxchange  coliimn  (Figure  4)  by  the  concentration  of  chloride  ion 
in  sea  water.  This  results  in  a  ch.loride  ion  concentration  ratio 
(afterAefore  exchange)  of  approximately  five  on  a  weight  basis  and 
4.4  on  a  volume  basis. 


Evaporating  the  solution  from  the  ion-exchange  column  tj  dryness  will 
result  in  an  additional  gain  in  concentration  ratio.  This  is  the 
recommended  next  step.  Computations  are  presented  here: 
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TABLE  J.  Summar:,'  of  Pesults,  Concentration  of  Chlorine-58  Activity  onto  Ion- 
Exchange  Regenerating  Solution. 


Activity 
Microcuries 
per  Milliliter 

Volume  of  Sea 

Water  Sample  in 
Liters  per  Cu.  Ft. 

Volume  of 
Regenerating 
Solution  in 

Cu.  Ft. 

(1051^  NaOH) 

Activity 

Volume 

Concentration 

Ratio 

lOT^ 

500/15.9 

3.6 

k.k 

10"® 

50/1.59 

0.56 

k.U 

lo"”^ 

5/0.159 

0.056 

k.k 

'si^ 
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Basis:  10  weight  percent  sodiuoii  hydroxide  solution  input  for  regeneration* 


FIGURE  4o  Material  Balance  for  Regeneration. 
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1)  Conceotration  of  chloride 
isa  is  sea  vsstar 


19o37  Rraaa  chloride  ion 

JLCiOv/  sea  water 


2)  Equivalent  concentration  of  sodium  chloride  in 
sea  water  (based  on  chloride  ion  concentratiQn) 


s  19.37  grams  chloride  ion 
1000  grams  sea  water 


38.5  grams  Nad 

33.3  grams  chloride  ion 


■  32  grama  NaCl 

1000  grsuBs  sea  water 

3}  Weight  ratio  concentration  of  NaCl  in  =  1000  3  31.2 

solid  NaCl  to  NaCl  in  sea  water  32 

4)  Volume  ratio  concentration  of  I^Cl  is  computed  as  follows: 


19. 37 grama  chloride  ion 

^6  milliliters  total  sea  water  voiiuae  per  kilogram 


3  0,01983  grams  chloride  ion 

miililit ir  sea  water 


0.0327  grams  NaCl  (equiv.) 

milliliter  sea  water 


Converting  to  volume  concentration  basis: 

0.0327  grams  NaCl  (equivalent)  1  milliliter  NaCl 

^lliliter  sea  water  *  2.165  graias  NaCl” 

3  0.0151  milliliters  NaCl  (equivalent) 

milliliter  sea  water 

5)  Volxune  concentration  ratio  of  chloride  ion  attainable  by  use  of 
ion>exchange  column  and  evaporation  to  dryness: 

1000  milliliters  NaCl 

1000  milliliters  total  volume 

-  =  a 

0.0151  milliliters  NaCl 
1  milliliter  sea  water 


The  evaporative  step  can  be  carried  out  using  spray-drying  techniques. 
The  computed  data  for  this  scheme  are  listed  in  Table  4.  The  volume 
concentration  activity  ratio  attainable  is  approximately  a  sig¬ 
nificant  increase  in  concentration. 
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,  TABLE  4,  Estimate  of  Requirements  to  Concentrete  Chlorine>38  as  Sodium  Chloride 
!  Using  Combined  Ion-Exchange  and  Spray  Techniques. 


Weight  of  BTU  per  Ratio  of 

Activity  Weight  Solid  Sample  Chloride 

in  Micro-  Sample  of  Resin  NaOH  to  Pounds  of  Pounds  of  at  1250  Pounds  Ion  Con- 

curies  Volume  per  Elute  103$  NaOH  Water  to  BTU  per  of  No.  2  centration 

per  Mil-  in  Sample  Chloride  Solution  be  Eva-  lb-  of  Fuel  Oil  Weight  to 

liliter  Liters  (Pounds)  Ion  (lbs)  Required  porated  Sample  Required  Volume 
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I  3.2.5  REMOVAL  OF  THE  POTASSIUM  BACKQROUMD  AND  DETECT  ON  PAW  SEA  WATER 
I  WITHOUT  CONCENTRATION 

i  Thia  method  is  to  be  evaluated  based  on  the  use  of  two  resine: 

i 

a.  A  commercial  high-capacity  ion-exchange  resin  (Dowex  50) 

(Ref.  15). 

i 

b.  A  potassium-specific  resin  reported  in  the  literature 
(Ref.  20). 

In  conventional  ion-exchange,  the  natural  separation  factor  of  the 
'  resin  is  used  to  exchange  the  potassium  ion  (and  some  sodium  ion) 

from  the  sea  water  by  simply  passing  the  fluid  throxigh  the  resin. 

Since  sea  water  is  presumed  to  be  of  constant  composition,  the  sep¬ 
aration  factor  obtained  will  be  a  function  of  the  resin  properties 
and  operating  parameters . 

3.2o5.1  SEPARATION  WITH  CATION-EXCHANQE  RESIN  (Ref.  21) 

Based  on  equilibriiuB  data  as  reported  for  the  system  potassium  chloride- 
sodium  chloride-water,  a  preliminary  evaluation  of  the  scheme  for  the 
removal  of  potassium  from  sea  water  using  Dowex  50  resin  wao  carried 
out.  Basic  data  for  sea  water  are  as  follows: 


Cation— Grams 

per  Liter 

Cation  Mol-FSraction 

Sodium 

■U.l 

Sodium 

C.87 

Potassium 

0.4 

Potassium 

0.02 

Calcuim 

0.4 

Calcium 

0.C2 

MagnesiiUB 

hi 

Magnesium 

2i22 

TOTAL 

13.2 

1.00 

From  these  values  the  material  balance  shown  in  Figure  5  indicates 
the  degree  of  removal  of  sodium  ion  when  all  of  the  potassium  is  re¬ 
moved  at  equilibrium  condition. 
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I  Based  on  the  equilibrium  data  reported  in  the  llterattire,  therefore, 

I 

j  in  removing  all  of  the  potassium  from  sea  water  using  commercial 

( 

1 

I  catio&oexchange  resin,  approximately  50  percent  of  the  sodium  will  be 

removed  from  the  solution— the  remaining  50  percent  will  be  available 

i 

for  detection.  (U) 


3. 2. 5. 2  SEPARATION  WITH  POTASSIUM  SPECIFIC  RESIN  (Ref.  20) 

Based  on  data  reported  in  the  literature,  the  material  balance  shown 
in  Figure  6  indicates  the  degree  of  removal  of  sodium  ion  when  all  of 
the  potassium  ion  is  removed  at  equilibrium  conditions  using  a  po- 
taasiTUD  rosin^  about  8?  percent  of  the  oodium  will  pass  through  the 
resin  when  all  of  the  potassium  is  removed.  This  resin  is  not  com¬ 
mercially  available.  (U) 

3  CONCLOSIONS  AND  RECOMMENDATIONS 

Of  the  four  schemes  presented  for  ion-exchange  recovery  of  activity 
in  sea  water,  two  appear  to  have  potential  and  should  be  investigated 
further?  (D) 

a.  Concentrate  activity  into  regenerating  solution,  evaporate 
to  dryness  and  detect.  (U) 

b.  Remove  the  potas8ium-40  and  detect  on  raw  sea  water.  (U) 


It  is  recommended  that  experimental  work  be  cauried  out  on  the  above 
two  methods  in  order  to  better  evaluate  their  potential  as  reinforc¬ 
ing  techniques  for  nuclear  sumbarine  detection.,  (C) 


4.  PRECIPITATION  TECHNIQUES 

4.1  BACKGROUND 

The  separation  of  sodiiui  and  chlorine  from  sea  water  by  precipitation 
is  technically  feasible.  The  greatest  potential  lies  in  the  (u) 
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100  lb.  mols  of  cations  dissolved  in  seawater 


Input  On  Resin 


FIGURE  6,  An  Indication  of  the  Degree  of  Removal  of  Sodium  Ion  when  all  of 
the  Batassium  Ion  is  Removed  at  Equilibrium  Conaitions  Using  a 
Batassiua- Specific  Resin » 
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I  precipitation  of  th«  oodiu*  as  sodiiia  chloride  in  a  concentrated 

hydrochloric  ecid  solution  and  in  the  nreci'jitation  of  the  chlorine 

i 

as  silver  chloride,  lead  chloride,  or  mercurous  chloride  in  normal 
sea  water. 


4.2  CHEMICAL  CONS IDES ATION® 

Consideration  will  be  given  to  precipitation  of  3odium“24  as  sodium 
chloride  in  a  concentrated  hydrochloric  acid  solution  and  precipita* 
tion  of  chlorine-38  as  silver  chloride,  lead  chloride,  or  mercurous 
chloride. 

4.2.1  rHECIPITATION  OF  SODIDW-24 

From  the  standpoint  of  reported  solution  equilibria,  it  would  appear 
that  the  potassium  ion  will  not  precipitate  from  solution  vender  the 
system  conditions  necessary  for  sodium  chloride  precipitation  in  the 
system  sodium  chloride-potassium  chloride-hydrochloric  acid.  There¬ 
fore,  a  "clean"  separation  of  sodium  from  potassium  should  result. 
This  would  eliminate  a  major  part  of  the  background  problem.  There 
are  no  "chemical  problems"  hidden  here. 

4.2.2  PREXJIPITATION  OF  CRLORINE-38 

This  is  a  direct  chemical  precipitation  in  sea  water  and  should  pre¬ 
sent  no  problem  insofar  as  the  chemistry  is  concerned.  The  precipi¬ 
tate  would  be  filtered,  dried,  smd  counted,  presumably  by  automated 
techniques. 

4.3  SYSTEM  C0NSIDE31ATI0NS 

The  precipitation  of  a  95  percent  fraction  of  sodium  as  sodium 
chloride  from  sea  water  will  necessitate  acidifying  the  entire  sea 
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(weight)  hydrochloric  acid  will  require  approxiaately  36  pounds  of 
hydrogen-chloride  gas  per  100  pounds  of  sea  water.  Since  hydrogen 
chloride  gai  is  normally  stored  at  6OO  pounds  per  square  inch  in  steel 
cylinders  at  a  normal  loading  of  300  pounds  of  hydrogen  chloride  par 
cubic  foot  of  cylinder  volume,  approximately  two  cubic  feet  of  cylin¬ 
der  storage  per  100  pounds  of  sea  water  sample  will  be  required. 


Preliminary  conservative  computations  for  required  sea  water  sample 

-9 

size  at  an  induced  activity  level  of  10  aicrocuries  par  milliliter 
indicates  that  120  poimds  of  hydrogen  chloride  would  be  required  for 
a  single  sample  capable  of  generating  200  counts  per  minute. 


The  recovery  of  the  hydrogen  chloride  from  the  spent  sea  water  sample 
is  a  technical  possibility  through  the  use  of  advanced  distillation 
methods.  It  has  been  concluded,  however,  that  the  complexity  and 
power  requirements  for  such  a  proposal  reduce  the  system  practicality 
to  well  below  that  of  other  available  methods. 


Tfce  precipitation  of  chlorine-38  as  silver,  lead,  or  mercurous  chloride 
will  require  that  suitable  reagents  be  available.  These  will  probably 
be  the  nitrate  salts.  From  a  purely  mechanical  stemdpoint,  the  in- 
process  time  for  chlorine  precipitation  could  probably  be  reduced  to 
the  order  of  a  minute  or  less. 

_9 

For  induced  activity  levels  of  10  microcuries  per  milliliter,  pre¬ 
liminary  conservative  computations  indicate  that  approximately  90 
pounds  of  precipitating  reagent  (silver  nitrate  for  example)  will  be 


I  r«quired  for  a  sample  capable  of  generatiuK  200  counts  per  minute* 

I  The  retteneration  of  the  reaeent  for  reuse  is  considered  to  not  have 

I  _  - 

I  a  high  order  of  practicality  for  this  systemo 

I 

!  4.4  CONCLUSIONS 

The  concentration  of  the  activity  in  sea  water  by  the  chemical  pre¬ 
cipitation  of  the  sodium  and  chloride  ions  using  the  chemical  systems 
described  above  appears  to  have  a  lower  level  of  practicality  than 
other  methods  considered  to  date* 


5*  FBEEZINQ  TECHNIQUES 

5*1  BACKQflOUND  (Bef.  22) 

The  reason  for  eva*.aating  a  freezing  method  for  the  concentration  and 
recovery  of  solids  dissolved  in  sea  water  is  that  the  quantity  of 
energy  to  be  removed  in  the  freezing  of  a  given  quantity  of  water  is 
only  a  fractional  part  of  the  energy  which  is  required  to  evaporate 
a  similar  quantity  of  water*  For  example,  at  one  atmosphere  total 
pressure,  the  latent  heat  of  fusion  for  water  is  approximately  150 
BTU  per  pound  of  water,  compared  to  nearly  1100  BTU  per  pound  for 
the  latent  heat  of  vapor ization~a  factor  of  over  seven  to  one* 

Such  a  difference  in  the  basic  thermodynamic  requirements  Justifies 
giving  8(xne  serious  consideration  to  methods  for  concentrating  the 
solids  dissolved  in  sea  water  by  freezing  techniques. 


5.2  CUBRENT  dTATUS 

* 

Work  has  been  carried  out  on  the  problem  of  obtaining  potable  water 
from  sea  water  through  freezing  techniques  (Bef*  22 )•  Most  of  these 
studies  deal  with  equipment  evaluation  from  which  a  considerable 
quamtlty  of  data  has  been  developed* 
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Th«re-  are  at  the  present  time  three  major  problems  which  must  be 
sol'^ed  before  any  mechanically  feasible  proce.'^s  can  be  worked  out— 
these  are: 

a.  Separation  of  pure  ice  crystals  from  a  brine  solution. 

bo  Heat  transfer  improvement  with  regard  to  magnitude  and 
nature  of  the  job. 

c.  Developing  a  continuous  process. 

CONCLUSIONS 

The  concentration  of  the  activity  in  sea  water  by  freezing  techni¬ 
ques  is  in  an  early  stage  of  development  and  cannot  be  considered 
practical  at  this  time. 

LIQUID-LIQUID  EXTRACTION  TECHNIQUES 
BACKGROUND  (Refs.  23  -  25) 

Liquid-Liquid  extraction  is  the  term  applied  to  an  operaticn  wherein 
a  material  dissolved  in  one  liquid  phase  is  transferred  to  a  secuud 
phase.  For  the  purpose  of  concentrating  and  recovering  the  activity 
in  sea  water,  this  would  entail  either:  (1)  The  removal  of  the 
dissolved  solids  from  sea  waterj  or  (2)  The  removal  of  the  sea  water 
from  the  dissolved  solids. 

Liquid-Liquid  extraction  consists  of  three  basic  steps: 

a.  Mixing  or  contact  of  the  solvent  with  the  solution  to 
be  treated  so  as  to  traiuifer  the  solute  from  solution 
to  solvent. 

b.  Separation  of  the  liquid  solution  phase  from  the  liquid 
solvent  phase. 

c.  Recovery  of  the  solute  from  the  solvent. 

Solvent  extraction  is  a  recognized  imit  operation  and  is  a  technique 
widely  iiised  in  the  chemical  industry. 

'  i  tj' ^  i  DC— 7300 

Sec.  3  36 


A 


I 


6.2  CURRJuNT  STA'rUS 

As  indicated  above,  there  are  two  approaches  to  the  solvent  extrac¬ 
tion  method  for  des&linationi 

a.  That  of  removal  of  salt  from  water. 

b.  Removal,  of  the  water  from  salt. 


The  first  method  is  at  present  not  feasible  since  a  liquid  solvent 
which  would  extract  salt  from  water  and  from  which  the  salt  could 
then  be  in  some  manner  removed  during  the  regeneration  step  is  not 
known.  The  second  method— extracting  water  from  the  suit— shows 
more  promise  at  this  time.  The  solvent  required  must  have  certain 
general  properties  listed  here: 

a.  The  solvent  must  selectively  dissolve  appreciable  quan¬ 
tities  of  V  ter  from  a  saline  solution. 

b.  The  effect  of  temperature  on  the  solubility  must  be  such 
that  most  of  the  dissolved  water  will  form  a  sepaurate 
phase  with  reasonable  temperature  change. 


A  large  number  of  organic  compounds  have  been  evaluated  with  regard 
to  these  properties.  The  most  promise  appears  to  be  in  compounds  con¬ 
taining  a  basic  nitrogen  atom  (amines),  and  in  several  types  of  ethers 
To  date  nothing  of  practical  interest  has  been  reported. 


6.3  CONCLUSIONS 

At  the  present  time  the  concentration  of  solids  dissolved  in  sea 
water  by  liquid-liquid  extraction  appears  to  be  impractical.  This 
type  of  process  will  possess  considerable  potential  when  an  appro¬ 
priate  solvent  is  discovered  or  synthesized. 
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K2-SliANE  FROCESi:  (ELECTRODIALYSIS  AND  OSMOSIS)  TECHNIQUES 
BACKGROUND  (R*fs.  25,  27) 

Dialysis  is  the  separation  of  substances  of  different  aolecular 
sizes  in  a  liquid  solution  by  virtue  of  their  different  rates  of 
diffusion  through  a  suitable  merbrane.  Dialysis  has  found  use  on 
a  laboratory  scale  in  the  removal  of  electrolytes  and  the  smaller 
water  soluble  organic  molecules  from  biological  materials  such  as 
serums,  x’^'oteins,  hoirmones,  and  enzymes.  Practical  industrial  ap¬ 
plications  are  few  owing  to  the  low  rates  of  separation  which  can 
be  obtained  and  to  the  relatively  poor  selectivity  of  currently 
available  membranes. 


CURRENT  STATUS 

When  electrolytic  crystalline  substance.)  are  to  be  sepaurated  in  sol¬ 
ution  by  dialysis  methods,  the  rate  of  removal  of  ions  can  be  greatly 
increased  by  imposing  an  electromotive  force  across  the  membrane. 

The  ions  then  move  through  the  membrane  towards  the  electrodes  much 
more  rapidly  than  in  ordinary  dialysis. 


Devices  and  processes  using  recently  developed  ion-exchange  membranes 
have  been  used  for  converting  brackish  and  sea  water  to  potable 
water  by  converting  the  saline  water  feed  into  a  potable  deminera¬ 
lized  stream  and  brine.  Thus  far,  significant  achievements  have  been 
recorded  for  the  production  of  fresh  water*  from  brackish  water~3  to 
5  parts  per  thousant  of  salts,  and  from  sea  water~approximateiy 
35  pcirts  per  thousand  of  stlts  (Ref.  28). 


Other  membrane  processes  (osmosis  for  example)  are  in  a  relatively 
early  state  of  development  and  show  little  if  any  promise  for  util¬ 
ization  on  any  industrial  scale  at  this  time. 
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7.3  EVALUATION 

The  successful  utilization  of  electrodialysis  for  the  production  of 
potable  water  from  brackish  or  sea  water  must  be  analyzed  with  re¬ 
gard  to  actual  operational  data  in  order  to  establish  the  level  of 
potential  for  possible  utilization  in  the  concentration  of  the  ac¬ 
tivity  in  sea  water. 

Data  for  the  production  of  potable  water  from  brackish  water  indi¬ 
cate  that  some  degree  of  concentration  is  obtained  in  one  of  the 
two  exit  streams— these  data  are  given  in  Figxire  7  (Ref.  29). 

The  scale  concentrations  shown  aire  typical  for  electrodialyzer  per¬ 
formance.  Note  that  the  ’’concentrate'*  stream  has  a  salt  concentra¬ 
tion  of  14  to  l6  parts  per  thousand  for  operation  on  brackish  water 
(3.8  parts  per  thousand  salts).  Data  for  operation  on  sea  water 
show  only  a  little  enrichment  of  salt  content  of  the  brine.  This 
indicates  that  with  present  membranes  the  production  of  a  concen¬ 
trated  brine  from  sea  water  by  electrodialysis  has  not  been  accom¬ 
plished, 

7A  conclusions 

Based  on  operational  data  for  a  24,000  gallon  per  day  pilot  plant 
operating  on  brackish  water  (Ref.  29)  and  on  a  172,000  gallon  per 
day  plant  operating  on  sea  water  (Ref.  30)  it  is  concluded  that  at 
thfi  present  time,  the  production  of  a  concentrated  brine  from  sea 
water  by  a  membrane  process  is  not  practical. 
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This  material  is  being  issued  as  the  currently  best  information  available 
on  scintillator  retponre  to  volume  distributed  sources  of  01''®f  end 

The  data  presented  herein  represents  some  eitensions  in  the  dimensions 
and  types  of  scintillntins  material  previously  reported  (in  document  D2-7908) 
arid  V.111  be  diocuseed  in  detail  in  a  later  publication, 

Energy  resolution  has  been  improved  in  the  case  of  Pilot  f*  by  employing  n 
different  reflector  material.  The  previous  reflector  employed  was  aluminum 
foil  loosely  coupl“i  to  the  Pilot  B,  The  new  data  are  for  the  use  of  DuPont 
29-913  paint  (high  reflectance  white)  surrounded  with  a  1/16  inch  layer  of 
MgO,  In  addition  to  the  3x3  and  5  x  4,  2  inch  x  2  inch  and  10  inch  by 
10  inch  Pilot  2  r.lastic-  scintiilators  were  employed.  Seven  multiplier  photo¬ 
tubes  with  balfinced  outputs  were  used  with  the  10  inch  x  10  inch  Pilot  3 
scintillator. 

In  addition  to  the  Nal(Tl)  crystal  data  reported  in  D2-7908  and  the  revised 
and  exten.leu  data  for  the  Pilot  B  phosphors  reported  here,  the  response  of  a 
liquid  scintillator*  tu  comparable  sires  is  also  x'eported  and  also  a  12  inch 
bS'  12  inch.  The  containers  were  made  from  stainless  steel  and  have  a  wall 
thickness  of  ,040  inches. 

*•  Toluene  solvent  +  4  gms/liter  p-terphexyl  +  0,2  gnv/llter  POPOP  (l,4  -  bis  - 
2  -  (5-plenyloxazolyl)  -  benzene) 
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Tho  contnlnors  were  oroviJed  .'.Ith  reflecting;  walls  by  employing  the  following  , 

i 

preparntion.  After  seiidblestiofi  five  coats  of  Tygon  TP-61  were  applied 
allowing  thoroiL'h  drj'ing  between  coats.  T'A^o  final  coats  of  T^/’gon  TP-61  con¬ 
taining  liberal  amounts  of  pu../erlsed  quartz  were  then  applied.  The  viewing 
windows  were  made  of  fused  quartz  for  the  smaller  containers  and  ordinary 
window  glass  for  the  12  inch  x  12  inch  one.  The  same  photoiiiulti.pller  arrange-  j 

i 

ment  that  was  employed  for  the  10  x  10  Pilot  B  was  used  for  the  12  inch  x  12 
inch  liquid. 

All  isotope  preparation  procedures,  mixing,  calibration  and  data  preparation 
are  described  in  D2-7908.  In  Table  1  the  integral  count  rates  above  250  kev 
are  given  for  three  nuclides  and  a  variety  of  detectors.  A  rough  comparison 
of  the  efficiency  of  the  varicus  scintillator  sizes  and  materials  can  be 
obtained  by  using  the  relative  count  rates  which  are  giveu  in  parenthesis 
in  the  table.  Comparison  of  the  liquid  scintillator  and  Pilot  B  data  indicates  j 

i 

that  the  liquids  offer  no  advantages  over  the  Pilot  B  plastic  phosphors.  j 

On  a  counting  r^.te  per  unit  volume  basis  for  5  inch  x  4  inch  and  smaller 
they  seem  to  be  comparable  while  for  the  larger  sizes  (lO  inch  Pilot  B  and 
12  inch  liquid)  and  the  Pilot  B  seems  to  be  superior.  The  failure  of  the  j 

larger  size  liquid  to  compare  favorably  v/ith  this  Pilot  B  may  be  due  to  the  I 

t 

I 

poor  transmission  of  the  window  glass  to  the  scintiJ.lator  emission  spectrum.  j 
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y/t'=<LR  T 

Int  w*^!  f^ounv  Rnto  nbove  250  Kev 
In  counts  per  second  rid  relative  to  5  Jc  4"  Sp.I(T1)i 


energy 

(1. 

,46) 

(1.60 

,  2.15) 

(1.37, 

2.75) 

Activity 

3x10* 

c/ml 

10-6 

c/ml 

10'*6 

c/ml 

2  X  1.^" 

C.P.S 

Hel 

C.P.S. 

Rel 

C.P.S 

Rel 

Hal 

0.61 

(0.117) 

9.2 

(0.12) 

27.5 

(0.11) 

Pilot  B 

0.15 

(0.031) 

2.25 

(0.029) 

11.8 

(0,047) 

1 

Liquid 

- 

- 

- 

- 

8.5 

(0.034) 

1 

3  :c  3” 

Nal 

2.15 

(0.41) 

27 

(0.35) 

91 

(0.36) 

Pilot  B 

0.48 

(0.092) 

12.3 

(0.15) 

34.5 

(0,14) 

Liquid 

i 

1 

0.45 

(0.087) 

- 

- 

29 

(0.12) 

i 

5x4 

Hal 

1 

5.2 

(l.OO) 

78 

(i.oo) 

250 

(i.oo) 

Pilot  B 

1.8 

(0.35) 

39 

(0.50)_ 

112 

(0.45) 

Liquid 

j 

1.52 

(0.29) 

mm 

100 

(0.40) 

, 

10  X  10 

Pilot  B 

' 

17 

(3.3) 

410 

(5.3) 

1070 

(4.3) 

j 

;  12  X  12 

Liquid 

12.3 

(2.4) 

- 

- 

1200 

(4.8) 
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